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CORRECTIONS AND ADDITIONS 

BY THE AUTHOR 


• Page 32 Line 12 

A fir more import int lesult m lefercnce t> the doiidity of the earth 
than that obtained by Rally (1S42) vnd Reich S47—1850) has been 
brought out by Any s experiments with the penllulum conducted with 
such exemplary care in the Mines of Hartoii, m the yeai 1S54 Accord 
mg to these experiiuents, the density is 6 566, with a piob'^ble^iror of 
0 182 (Any m the Philo'y Tian^^ad for 1856, p 342) A slight modi 
hcatiou ot this numfiicil value mide by Piotchsor Stokes on account 
of the effect of the r )tation ind ellipticity of the earth, gives the den 
sity foi Harton vhich lies at 54® 48^ noith latitude, at 6 565, and for 
the Equator at 6 489 


Page 76 Ltnf 10 

Arago has left behind him a ticasuiy ot magnetical obscrvatioiiB 
(upwards of 52 600 in nunibei) earned on irom 1818 to 1835, which 
have been carefully edited by M Fedoi Thoinaii, and published m the 
Comphti^ de u*t Araqo {t iv, p 498) In thc^e observa¬ 
tions, tor the series of years trom 1821 to 1830, General Sabme has 
discovei ed the most complete confirmation of the decennial period of 
magnetic declination^ and its coiiespondonce with the same period, in 
the alternate frequency and rarity of the solui spots {Meteorological 
Essays London, 1855, p 350) bocailya3theyearl850, whenSchwabo 
published it Dess lu his notices of the pei iodic d icburn of the solar 
spots (Cosmo% vol iv, p 397), two years befoie babine first showed the 
decennial peiiod of magnetic declination to be dependent on the solar 
spots (i^ Maich, 1862, Phil Tr for 1852 p i, pp 116—121, Cosmos, 
•vol V, p 76, note), the latter had alreadj discovered the important 
* result, that the sun operates on ** he earth s magnetism by the magnetic 
power proper to its mass He had discovered {Phil Tr for 1850, p. i, 
p 216, Cosmos, vol v, p 140), that the magnetic intensity is greatest, 
and that the needle approaches neire*4t to the vcitical direction, when 
the earth is nearest to the sun The knowledge of such a magnetical 
operation of the central body ot our planetary system, not by its heat- 
producing quality, but by its own magnetic powei, as well as by changes 
in the Photospheie (the size and frequency ot fuUnel shaped opetiings), 
gives a higher cosmical interest to the study of the eaith’s magnetism 
and to the numerous magnetic observatories (Cosmos, vol 1, p 184, 
voL V, p 73) now planted over Russia and ]!^orthein Asia, since the 
resolutions of 1829, and over the colonies of Great Britain since 1840—> 
1860. (Sabme, in the ProMdtngs of the Roy, Soc voLvui, No 26, p. 400, 
atid in the Phil Tram for 1866, p» 862) 
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* Page 85. Line 9. 

Though tiiG neariidss of the moon in comparison with the sun does 
not seem to compensate the smallness of her mass, yet the already well 
asoertait^d nlteration of the magnetic declination in the course of a 
lunar day, the lunar-diurnal magnetic variation (Sabine, in the Report 
to the Brit. Assoc, at Liverpool, 1854, p. 11, and for Ilobart-to^tvn in the 
PhiL Tr, for 1857, Art. i, p. 6), stimulates to a persevering observation 
of the magnetic influence of the earth’s satellite. Kreil has the great 
merit of having pursued this occupation with great care, from 1839 
to 1862, (see his treatase Utber den Einjlms dcs Mondes auf die hori- 
zontaU Component dci'^Magnetisclien Erdkraft^ in tho l)eukschriften der 
Wientr Akadertite der TF/.s-s. Mathan. Naturwhs. Classe, vol. v, 1853, 
p. 4u> M^ud PhiL Trans, for 1856, Art. xxii). His obt-ei vations, which 
were conducted for the Hi)ace of many years, both at Milan and Prague, 
having given support to tlie opinion that both the mot>n and the solar 
spots occasioned a decennial period of declination, led General ISabine 
to undertake a very imiioitant work. He found that the exclusive in¬ 
fluence of the sun on a decennial period, previously examined in rela¬ 
tion to Toronto in Canada, by the employment of a peculiar and very 
exact fonn of calculation, may be recogni^e<l in all the three elements 
of terrestrial magnetism (Phil. Trans, for 1856, p. 361), as shown by 
the abundant testimony of hourltf ohsiwatians earned on for a course 
of eight years at Hobart Town, fnun January 1841 to December 1848. 
Thus both hemispheres furnished the hame result as to the operation 
of the sun, as well as the certainty '‘that tbe lunar-diuinal variation 
corresponding t<» diflcient years show a no eonfoimity to the inequality 
manifested in those of the solar diurnal variation. The earth’s induc¬ 
tive action, reflected from the moon, must be of a very little amount.” 
(Sabine, in the PhiL Tr. for 1857, Ai-t. i, ]>. 7, and in the Proceedings 
of the Royal Soc. vol. viii, No, 20, p. 404). The magnetic portion of 
this volume having been pinnted almost throe years ago, it seemed 
especially nece-jsary, with reference to a subject which has so long 
been a favourite one with me, that I should sup^fly what was wanting 
by some additional remarks. 
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SPECIAL RESULTS OF OBSERVATION IN THE DOMAIN 

OF TELLURIC PHENOMENA. 

In a work embracing so "wide a field as the Cosmos, which 
aims at combining perspicuous comprehensibility with general 
clearness, the composition and co-ordination of the whole 
are perhaps of greater importance than copiousness of detail. 
This mode of treating the subject becomes the more desirable 
because, in the Book of Nature, the generalization of views, 
both in reference to the objectivity of external phenomena 
and the reflection of the aspects of nature upon the imagination 
and feelings of man, must bo carefully separated from the 
enumei-ation of individual results. The first two volumes of 
the Cosmos were devoted to this kind of generalization, in 
which the contemplation of the Universe was considered as 
one great natural whole, while at the same time care was 
taken to show how, in the most widely remote zones, man¬ 
kind had, in the course of ages, gradually striven to discover 
the mutual actions of natural forces. Although a great accu¬ 
mulation of phenomena may tend to demonstrate their causal 
connection, a General Picture of Nature can only produce 
' fresh and vivid impressions when, bounded by nanow limits^ 
its perspicuity is not sacri^ced to an excessive aggregation 
of crowded facts. 

As in a collection of graphical illustrations of the surface 
and of the inner structure of the earth’s crust, general maps 
precede those of a special character, it has seemed to me that 
in a physical description of the Universe it would be most 
appropriate, and most in accordance with the plan of the 
present work, if, to the consideration of the entire Universe 
from general and higher points of view, I were to append in 
the latter volumes those special results of observation upon 
VOL. V. ^ 
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which the present condition of onr linowledge is more parti¬ 
cularly based. These volumes of my work, must, therefore, 
in accordance with a remark already made {Cosmos, vol. iii, 
pp. 2—6), be considered merely as an ex})ansion and more 
careful exposition of the General Picture of Nature {Cosmos, 
vol. i, pp. 62—369), and as the uranological or sidereal sphere 
of the Cosmos was exchisively treated of in the two last 
volumes, the present volume will be devoted to the con- 
^deration of the telluric sphere. In this manner the ancient, 
simple, and natunii sepamtion of celestial and terrestrial 
objects has been preserved, which we find by the earliest 
evidences of human knowledge to have prevailed among all 
nations. 

As in the realms of space, a transition to our own plane¬ 
tary system from the region of the fixed stars, illumined by 
innumerable suns, whether they be isolated or circling round 
one another, or whether they be mere masses of remote 
nebulae, is indeed to descend from the great and the universal 
to the relatively small and special; so does the field of our con¬ 
templation become infinitely more contracted when we pass 
from the collective solai* system, which is so rich in varied 
forms, to our owir terrestrial spheroid, circling round the 
sun. The distance of even the nearest fixed star, a Centauri, 
is 263 times greater than the diameter of our solar system, 
reckoned to the aphelion distance of the comet of 1680; and 
yet this aphelion is 853 times fui’thcr from the sun than our 
earth {Cosmos, vol. iv, p. 546). These numbers, reckoning 
the parallax of a Centauri at 0."9187, deteraiine approximately 
both the distance of a near region of the starry lieavens 
from the supposed extreme solar system and the distance 
of those limits Irom the earth’s jdace. 

XJranology, which embraces the consideration of all that 
fills the remote realms of space, still mainj^ins the character 
^ it anciently bore, of impressing the imagination most deeply 
and powerfully by the incomprehensibility of the relations 
of space and numbers which it embraces; by the knowii 
'order and regularity of the motions of the heavenly bodies ; 
and by the admiration which is naturally yielded to the 
results of observation and intellectual investigation- This 
consciousness of regularity and periodicity was so early im¬ 
pressed upon the human mind that it was often reflected in 
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those forms of speech, which refer to the ordained course of 
the celestial bodies. The known laws which rule the celestial 
sphere excite perhaps the greatest admiration by their sim-' 
plicity, based as they solely are, upon the mass and distri¬ 
bution of accumulated ponderable matter and upon its forces 
of attraction. The impression of the sublime, when it arises 
from that which is immeasurable and physically great, passes 
almost unconsciously to ourselves beyond the mysterious 
boundary which connects the metaphysical with the physi¬ 
cal, and leads us into another and higher sphere of ideas. The 
image of the immeasurable, the boundless, and the eternal, is 
associated with a power which excites within us a more 
earnest and solemn tone of feeling, and which, like tho 
impression of all that is spiritually great and morally exalted, 
is not devoid of emotion. 

The effect which the aspect of extraordinary celestial 
phenomena so generally and simultaneously exerts upon 
entire masses of people, bears witness to the influence of 
such ail association of feelings. The impiession produced 
in excitable minds by the mere aspect of the starry vault 
of heaven is increased by profounder knowledge, and by 
the use of those means which man has invented to augment 
his powers of vision, and at the same time enlarge the horizon 
of his observation. A certain impression of peace and calm¬ 
ness blends with the impression of the incomprehensible in 
the universe, and is awakened by the mental conception of 
‘ normal regularity and order. It takes from the unfathom¬ 
able depths of space and time those features of terrop 
which #in excited imagination is apt to ascribe to them. 
In all latitudes man, in the simple natural susceptibility 
of hhi mind, prizes “ the calm stiUne&s of a starlit summer 
night.** 

Although magnitude of space and mass appertains more 
especially to the sidereal portion of cosmical delineation, and 
the eye is the only organ of cosmical contemplation, our 
telluric sphere has, on tho other hand, the preponderating 
advantage of presenting us with a greater and a scientifically 
distinguishable diversity in the numerous elementary bodies 
of which it is composed. All our senses bring us in contact 
with terrestrial nature, and while astronomy, which, as the 
knowledge of moving luminous celestial bodies is most acces- 

B 2 
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sible to mathematical treatment, has been the means of in* 
creasing in the most marvellous manner the splendour of the 
higher forms of analysis, and has equally enlarged the limits 
of the extensive domain of optics; our earthly sphere, on 
the other hand, by its heterogeneity of elements, and by the 
complicated play of the expressions of force inherent in matter, 
has formed a basis for chemistry, and for all those branches 
of physical science which treat of phenomena, that have nbt 
as yet been found to be connected with vibrations generating 
heat and light. Bach sphere has, therefore, in accordance 
with the nature of the problems which it presents to our 
invesitigation, exerted a different influence on the intellectual 
activity and scientific knowledge of mankind. 

All celestial bodies, excepting our own planet and the 
^ aerolites which are attracted by it, are, to our conception com¬ 
posed only of homogeneous gravitating matter, without any 
specific or so-called elementary difference of substances. 
Such a simple assumption is, however, not by any means 
based upon the inner nature and constitution of these remote 
celestial orbs, but arises merely from the simplicity of the 
hypotheses, which are capable of explaining and leading us 
tc predict the movements of the heavenly bodies. This 
idea arises, as I have already had occasion frequently to re¬ 
mark {Cosmos, vol. i, pp. 44—49 and pp. 124—125 j vol. iii, 
pp. 2, 18, and 22—28), from the exclusion of all recognition 
of heterogeneity of matter, and presents us with the solu¬ 
tion of the great problem of celestial mechanics, in which 
all that is variable in the uranological sphere is subjected to 
the sole control of dynamical laws. % 

' Periodical alternations of light upon the surface of the 
planet Mars do indeed point, in accordance with its different 
seasons of the year, to various meteorological processes, and 
to the polar precipitates excited by cold in the at Aosphere of 
that planet, {Cosmos, vol. iv, p. 504). Guided by analogies 
and reasoning, we may indeed here assume the presence of 
ice or snow (oxygen and hydrogen), as in the eruptive 
masses or the annular plains of the moon we assume the 
existence of different kinds of rock on our satellite, but direct 
observation can teach us nothing in reference to these points. 
’JBve?L Newton ventured only on conjectures regarding the 
elementary constitution of the planpts which belong to our 
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otm solar system, as wo learn from an important conversa¬ 
tion which he had at Kensington with Conduit (Cosmos, 
voL i, p. 120). The imiform image of homogeneous ^avi- 
tating matter conglomerated into celestial bodies has occu¬ 
pied the fancy of mankind in various ways, and mythology 
has even linked the charm of music to the voiceless regions 
within the realms of space (Cosmos, voL*iv, pp. 431—434). 

Amid the boundless wealth of chemically varying sub¬ 
stances, with their numberless manifestations of force—amid 
the plastic and creative energy of the whole of the organic 
world, and of many inorganic substances—amid the meta¬ 
morphosis of matter which exhibits an ever-active api)ear- 
ance of creation and anniliilation, the human tnind,.^ver 
striving to grasp at order, often yearns for simple laws of 
motion in the investigation of the teirestrial sphere. Even 
Aristotle in his Physics states, that “ the fundamental pi-in- 
oiples of all nature are change and motion ; he who does not 
recognise this truth recognises not nature herself” (Phys. 
Auscult. iii, 1 p. 200 Bekker), and referring to the difference 
of matter (“ a’diversity in essence ”), he designates motion in 
respect to its qualitative nature, as a metamoiqiliosis, 
nSXoiwtri^, very different from mere mixture, and a 

penetration which does not exclude the idea of subsequent 
separation (De Qener. et Corrupt, i, 1 p. 327). 

The unequal ascent of fluids in capillary tubes—the eudos- 
mosis which is so active in all organic cells, and is probably a 
consequence of capillarity — the condensation of different 
kinds of gases in porous bodies (of oxygen in spongy plati¬ 
num, with a pressure which is equal to a force of more than 
7,00 atnfospheres, and of carbonic acid in boxwood charcoal^ 
when more than one-third is condensed in a liquid state 
on the walls of the cells)—the chemical action of contact- 
substances which, by their presence occasion or destroy (by 
catalysis) combinations without themselves taking any part 
in them—all these phenomena teach us that bodies at in¬ 
finitely small distances exert an attraction upon one another, 
which depends upon their specific natures. We cannot 
conceive such attractions to exist independently of motions, 
which must be excited by them although inappi'eciable to 
our eyes. 

We are still entirely ignorant of the relations which reci- 
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procal molecular attraction as a cause of unceasing motion on 
the surface, and very probably also in the interior of the 
earth’s body, exerts upon the attraction of gravitation, by 
which the planets as well as their central body are main¬ 
tained in constant motion. Even the partial solution of this 
purely physical juoblem would yield the highest and most 
splendid results that can be attained in these paths of inquiry, 
by the aid of experimental and intellectual research. I puj.’- 
pobely abstain in these sentences from associating (as is com¬ 
monly done) the name of Newton with that law of attraction, 
which rules the celestial bodies in space at boundless dis¬ 
tances, and which is inversely as the square of the distance. 
Suchi«an association implies almost an injustice towards the 
memory of this great man, who had recognised both these 
manifestations of force, although he did not separate them 
with sufficient distinctness, for we find—as if in the felicitous 
presentiment of future discoveries—that he attempted in the 
Queries to his Optics to refer cajiillarity and the little that 
was then known of chemical affinity to universal gravita¬ 
tion (Laplace, Expos, du Sgit. da Mbndef p. 384. Cosmos, 
vol. iii, p. 23). 

As in the physical world, more especially on the borders 
of the sea, delusive images often apiicar which seem for a 
time to promise to the expectant discoverer the possession of 
some new and unknown land; so, on the ideal horizon of the 
remotest regions of the world of thought, the earnest inves¬ 
tigator is often cheered by many sanguine hopes, which 
vanish almost as quickly as they have been formed. Some 
of the splendid discoveries of modern times have undoubtedly 
been of a nature to heighten this expectation. . Among these 
we may instance contact-electricity—magnetism of rotation,' 
which may even be excited by fluids, either in their aqueous 
form or consolidated into ice—the felicitous attempt of con¬ 
sidering all chemical affinity as the consequence oi the elec¬ 
trical relations of atoms with a predominating polar force—■ 
the theory of isomorphous substances in its application to the 
^orination of crystals — many phenomena of the electrical 
condition of living muscular fibre—and lastly, the knowledge 
which we have obtained of the influence exerted by the sun’s 
pooition, that is to say, the thermic force of idle solar rays, 
upon the greater or lesser magnetic capacity and conducting 
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po «^er of one of the constituents of our atmos^jhere, namely, 
ox^ygen. When light is unexpectedly thrown upon any pre¬ 
viously ohscure gi'oup of phenomena in the physical world, 
we may the more readily believe that we are on the 
threshold of new discoveries, when we find that these rela¬ 
tions apjiear to be either obscure, or even in opposition to 
already established facts. 

• 3 have more particularly adduced examples in which the 
dynamic actions of attracting forces seem to show the course by 
which wC may hope to approximate towards the solution of the 
problem of the original, unchangeable, and hence named the 
elementary heterogeneity of substances (for instance, oxygen, 
hydrogen, sulphur, potassium, phosphorus, tin, &c.), and*of the 
amount of their tendency to combine, in other words, their che¬ 
mical affinity. Differences of form and mixture are, I would 
again rejx'at, the only elements of our knowledge of matter ; 
they are the abstractions under which we endeavour to com¬ 
prehend the all-moving universe, both as to its size and com¬ 
position. The detonation of the fulminates under a slight 
mechanical pressure, and the still more formidable explosion 
of terchloride of nitrogen, which is accompanied by fire, 
contrast with the detonating combination of chlorine and 
hydrogen, which exidodes when the sun’s rays fall directly 
upon it (more especially the violet rays). Metamorphosis, 
nmon, and separation afford evidence of the eternal circu¬ 
lation of the elements in inorganic nature no less than in 
the living cells of ])lants and animals. “The quantity of 
existing matter remains however the same, the elements 
alone irhange their relative positions to one another.” 

We thus find a verification of the ancient axiom of 
Anitxagoras, that created things neither increase nor de¬ 
crease in the TJnivei'se, and that that which the Greeks 
termed the destiniction of matter was a mere separation 'of 
parts. Our earthly sphere, within which is comprised aU 
that portion of the organic physical world, which is accessible 
to our observation, is apparently a laboratory of death and 
decay; but that great natural process of slow combustion, 
which we cAll decay, does not terminate in annihilation. The 
liberated bodies combine to form other structures, and through 
the agency of the active forces which are incorporated ill 
them a new life germinates from the bosom of the earth. 
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OP THE PHYSICAL DESCRIPTION OF THE UNIVERSE. 


In tho attempt to grasp the inexhaustible materials 
alTordod by tho study of the physical world—or in other 
words—to group j)hcnomena in such a manner as to facili¬ 
tate our insight into their causal connection, general clear¬ 
ness and lucidity can only be secured where special 
detail^— more particularly in the long and successfully 
cultivated fields of observation—are not separated from the 
higher points of view of cosmical unity. The telluric 
sphere, as opposed to the uranological, is separable into 
two portions, namely, the inorganic and the organic depart¬ 
ments. The former comprises the size, form, and density 
of our terri'&tnal i)laiiet; its internal heat; its electro-mag¬ 
netic activity ; the mineral constitution of the earth’s crust; 
the reaction of the interior of the planet on its outer surface 
which acts dynamically by producing earthquakes, and che¬ 
mically by rock-forming, and rock-metamorjihosing processes; 
the partial covering of the solid surface by the Uquid elfe- 
ment—the ocean; tho contour and articulation of the up- 
heaved earth into continents and islands ; and lastly tho 
general exteraal gaseous investment (the atmosphere). The 
second or organic domain comprises not the individual forms 
of life which we have considered in the Delineation of Nature, 
but the relations in space which they bear to the sojid and 
fluid parts of the earth’s sur&ce, the geography of plants and 
animals, arfd the descent of the races and varieties of %nan 
from one common, primary stock. 

This division into two domains belongs to a certain extent 
to the ancients, who separated from the vital phenomena of 
plants and animals such material processes as change of form 
and the transition of matter from one body to another. In 
the almost total deficiency of all means for increasing the 
powers of vision, the difference between the two organisms^ 
was based upon mere intuition, and in part upon the dogma 
of self-nutritign (Aristot. de AnAna, ii, 11. i, p. 412, a 14, 

* See Cosmos, vol, iii, p. 64. 
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Bekker), and of a spontaneous incentive to motion. This kind 
of mental comprehension which I have named intuition, to- 
ffether with that felicitous acumen in the power of combining 
his ideas, which was so characteristic of the Stagyrite, led him 
to the assumption of an apparent transition from the inani'- 
mate to the living, from the mere element to the plant, and 
induced him even to adopt the view that in the evei ascend¬ 
ing processes of ])lastic formation there were gradual and 
intermediate stages connecting plants with the lower animals 
(Aristot. de part. Animal, iv, 5, p 681, a 12, and hist. Aftimal. 
viii, 1, p. 688, a 4, Bekker). The history of organisms (taking 
the word history in its original sense, and therefoie in rela¬ 
tion to the faunas and floras of earlier periods of timt^ is so 
intimately connected with geology, with the order of suc¬ 
cession of the superimposed terrestrial strata and with the 
• chronomotrical annals of the upheaval of continents and 
mountains; that it has appeared most apjiropriate to me, on 
account of the connection of groat and widely diffused phe¬ 
nomena, to avoid establishing the natural division of organic 
and inorganic ten’estrial life as the mam element of classifi¬ 
cation in a work treating of the Cosmos. We are not here 
striving to give a mere morphological representation of tho 
organic woild, but rather to arrive at bold and compre¬ 
hensive views of nature, and the forces which she brings 
into play. 


I. 

8iz*e, Configuration^ and Density of the "Earth.—The Seat in 
the interior of the Earth, and its distribution.—JSagnetio 
Activity, manifested in changes of Inclination, Decimation, 
and Intensity of the force v/nder the influence of the 8un‘s 
position in reference to the Seat and Earefaction of tho 
Air.-^Magnetic 8torms.—Tolar Light. 

That which in all languages is comprehended under ety-* 
mologically differing symbolical forms by the expression 
Nature, and which man, who originally refers everything 
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to his oivn local habitation, has farther designated as 
Terrestjrial Nature is the result of the silent co-opemtion 
of a system of active forces, whose existence we can 
only recognise by means of that which they move, blend 
together, and again dissever; and which they in part deve- 
iope into organic tissues (living organisms), which have the 
power of re-producing like structures. The appreciation of 
nature is excited in the susceptible mind of man through 
the profound impression awakened by the manifestation of 
these forces. Our attention is at first attracted by the re¬ 
lations of size in space exhibited by our planet, which seems 
only like a handful of conglomerated matter in the immea¬ 
surable universe. A system of co-operating forces, which 
either tend to combine or separate (through polar influences), 
shows the dependence of every part of nature upon other 
parts, both in the elementary processes (as in the formation * 
of inorganic substances), and in the ]>roduction and main¬ 
tenance of life. The size and form of the earth, its mass, 
that is to say, the quantity of its material j)arts, which 
when compared with the volume determines its density, and 
by means of the latter, under certain conditions, both the 
constitution of the interior of the earth and the amount of its 
attraction, are relations which stand in a more manifest, and 
a more mathematically demonstrable dependence upon one 
another than we observe in the case of the above named vital 
processes, in the distribution of heat, in the telluric condi¬ 
tions of electro-magnetism, or in the chemical metamorphoses 
of matter. Conditions, which we are not yet able to deter¬ 
mine quantitatively on account of a complication of pheno¬ 
mena, may nevertheless be present, and may be demon¬ 
strated through inductive reasoning. • 

Although the two kinds of attraction, namely, that which 
acts at perceptible distances, as the force of gravity (the gra¬ 
vitation of the celestial bodies towards one another), and 
that which is manifested at immeasurably small distances, as 
molecular or contact-attraction, cannot in the present con¬ 
dition of science be reduced to one and the same law, yet it 
is not on that account the less credible that capillary' attrac¬ 
tion and endosmosis, which is so important in reference to 
the ascent of fluids, and in respect to animal and vegetable 
physiology, may be quite as mu(m afiPected by the force of gra- 
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vitation and its local distribution as electro-magnetic pro¬ 
cesses and the chemical metamorphosis of matter. To refer 
to extreme conditions^ we may assume that if our planet had 
only the mass of the moon, and therefore almost six times 
less intensity of gravity, the meteorological px’ocosses, the 
climate, the hypsoinetrical relations of upheav'ed mountain 
chains and the physiognomy of the vegetation wo\ild be quite 
different from what they now are. The absolute size of our 
planet which we are here considering, maintains its impor¬ 
tance in the collective economy of nature merely by the re¬ 
lations which it bears to mass and rotation ; for even in the 
universe, if the dimensions of the planets, the quantitative 
admixture of the bodies which compose them, their velo¬ 
cities and distances from one another, were all to increase or 
diminish in one and the same proportion, all the phenomena 
depending upon relations of gravitation would remaiil un¬ 
changed in this ideal macrocosmos, or microcosmos.* ' 


a. Size, Figure, Ellipticitff, and Density of the Earth. . 

(Expansion of the Picture of Nature, Cosmos, vol. i,. 

( pp. 154—1C4.) 

The earth has been measured and weighed in order to de¬ 
termine its form, density, and mass. The accuracy which 
has been incesvsantly aimed at in these terrestrial determina¬ 
tions, has contributed, simultaneously with the solution of 
the problems of astronomy, to improve instruments of mea¬ 
surement, and methods of analysis. A very important part 

law of reciprocal attraction which acts inversely as the square 
■of the distance is that of emanations, proceeding from a centre. It ap- 
perfh* to be the law of all those forces, whose action is perceptible at 
sensible distances, as in the case of electrical and magnetic forces. One 
of the remarkable propei*ties of this law is that, if the dimensions of all 
the bodies in the universe, together with their inutxial distances and 
their velocities, were proportionally increased or diminished, they would 
still describe curves precisely similar to those which they now describe; 
80 that the universe, ^ter being thus successively reduced to the smallest 
conceivable limits, would still always present the same appearance to 
the observer. These appearances are consequently, independent of the 
dimensions of the universe, as in virtue of the law of the ratio whiph 
exists between force and velocity, they are independent of absolute 
movement in space/'<^Laplace, £i»:jpo9:iiU)ri du du Mmtk (5&tne ^d.)» 

p.3S!i. . 
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of the process involved in the measnreTnent of a degree is 
strictly astronomical, since the altitiides of stars determine , 
the curvature of the arc, whose length is found by the solution 
of a series of triangles. The higher departments of mathe¬ 
matics have .succeeded, from given numerical data, in solving 
the difficult problems of the figure of the earth, and the sur¬ 
face of equilibrium of a fluid homogeneous, or dense shell-like 
heterogeneous mass, which rotates uniformly round a solid 
axis. Since the time of Newton and Huygens, the most dis¬ 
tinguished geometricians of the eighteenth century have de¬ 
voted themselves to the solution of these problems. It is well . • 
that we should bear in mind that all the great results which 
have been attained by inteUeotual labour and by mathe¬ 
matical combinations of ideas, derive their importance not 
only from that which they have discovered and which has 
been appropriated by science, but more especially from the 
influence which they have exerted on the development and 
improvement of amdytical methods. 

“ The geometrical figure of the earth, in contradistinction 
to the physical,^ determines the .surface which the super- ' 
ficies of water would assume in passing through a net-work 
of canals, connected with the ocean, and covering and inter¬ 
secting the earth in every direction. The geometrical surface 
interacts the directions of the forces vertically, and thesO 
forces are composed of all the attractions emanating from the 
individual particles of the earth, combined with the centri¬ 
fugal force, which corresponds with its velocity of rota- 
' tion.* This suiface must be generally considered as approxi¬ 
mating very closely to an oblate spheroid, for irregiikrities 
in the distribution of the masses in the interior of th'earth . 
will also, where the local density is altered, give rise to iyre- ' 
gularity in the geometrical surface, which is the product 
of the. co-operation of unequally distributed elements. The 
physical surface is the direct product of the surface' of 

• QauBs, Bestimmimg de» Breitenuntenchiedet zwiichen den Stermaarten 
von Qdttingen und AUona, 1828, s: 73. (Thean two observatories, 
by a singular chance, are situated within a few yards of the same 
meridian.)' 

* Bessel, Ueber den Eivjluts der Uhregelm&ssigkeiten der Figwr der Brdt 
auf geoddtische Arbeiten und ihre Vei'gldchmg mit aatronomittdun 
Seetmmimgen, in Schumacher’a Aatron. Naehr. Bd. xiv. No. 829, s, 270, 
and Bessel and Baeyer, Gradmmnng in Q^tpreuaaen, 1838,, s, 427—442. 
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the solid and fluid matter on the outer crust of the 
earth.” Although while it is not improbable, judging from 
geological data, that the incidental alterations which are 
readily brought about in the fused portions of the interior 
of the earth, when they are moved by a change of position of 
the masses, may even modify the geometrical surfRee by pro¬ 
ducing curvature of the meridians and parallels in small 
■spaces, and at very widely separated periods of time j the 
•physical surface of the oceanic paints of our globe is peri¬ 
odically subjected to a change of place in the masses, occa¬ 
sioned by the ebbing and flowing (or in other words the 
local depression and elevation) of the fluid element. The 
inconsiderable amount of the effects of gravity in continental 
regions may indeed render a gradual change inappreciable to 
actual observation; and according to Bessel’s calculation, in 
order to increase the latitude of a place by a change of only 
V'f it must be assumed that there is a transposition in the 
interior of the earth of a mass, whose weight (its density 
being assumed to be that of the mean density of the earth) is 
that of 7296 geographical cubic miles.® However large tho 
volume of this transposed mass may appear to us when we 
compare it with the volume of Mont Blanc, or Chimborazo, 
or Elintschindjinga, our surjirise at the magnitude of the 
phenomenon soon diminishes when wo remember that our 
terrestrial spheroid comprises upwards of 1696 hundreds of 
millions of such cubic miles. 

Three different methods have been attempted although 
with unequal success for solving the problem of the figure of 
the eSrth whose connection with the geological question of 
the earlier liquid condition of the rotating planetary bodies 
wis known at the brilliant epoch of Newton, Huygens 
and Hooke.® These methods were the geodetico-astrcK 

® Bessel, Ueher den Einjlim der Veranderungen des Erdkorpers avfdie 
Pollibheti, in Lmdenau und Bohneiiberger, Zeitschrift Jar Asironomie. 
Bd. v, 181$, s. 29. “The weight of the eaith, expressed in Qerman 
pounds=9933 x 10.^*, and that of the transposed mass = 947 x 

® The theoretical labours of that time were followed by those of 
lilaolBurin, Clairaut, and d’Alembeit, by Legendre and by Laplace. 
Tq this latter period we may add the theorem advanced by Jacobi, iq 
1834, that ellipsoids of three unequal axes may, under certain conditions, 
represent the figures of equilibrium no less than the two'previously- 
indicated ellipsoids of rotation.—See the treatise of this writer, whole 
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nomical meaaurement of a decjree, pendulum experitnents, 
and calculations of the inequalities in the latitude and longi¬ 
tude of the moon. In the application of the first method 
two separate processes are required, namely, nieasui'ements 
of a degree of Latitude on the arc of a merulian, and mea¬ 
surements of a degree of longitude on different parallels. 

Although seven years have now passed since I brought 
forward the results of Bessel’s im])oi'tant labours, in refer¬ 
ence to the dimensions of our glolie, in my Goieral Delineation 
of Nature, his work has not yet boon su}»])lauted by any one 
of a more comprehensive character, or based Ti)>on more recent 
measurements of a degree. Au important addition and great 
improvements in this depaitnient of inquiry may, however, 
be expected on the comjJotion of the Bussian geodetic mea¬ 
surements, which arc now nearly finished, and which, as they 
extend almost from the North Cape to tlio Black Sea, will 
afford a good basis of comparison for testing the accuracy of 
the results of the Indian survey. 

According to the determinations jniblished l>y Bessel in 
the year 1841, the mean value of the duuonsions of our 
planet was, according to a careful investigr.tion'' of ten mea 

early death has proved a severe loss to Hciouce. m Poq*>cndorff’s Ayinalcn 
der Plnfsik mid ijhenve, fid. xxxiu, 1831, s. 229—233. 

7 The first accurate comparison of a large luimboi of geodetic mea¬ 
surements (mcJiuling those made ui the clevahd pJateau of Quito, two 
East Indian metisiirements, together With the Fiench, Jinglish, and 
recent Lapland oLservatiom) was bucccssfully cirt-tted by W.dbeck, at 
Abo, in 1819. He found the mean value for tlio tarth'b ellipticity to bo 

that of a meridian degree 57()09.75S toiscs, or 824»^ feet. 
Unfortunately his work, entitled iJi Fo^nnit et Mw/miudine Tdl^is haa 
not been published in a complete form. E\cued by tho encouragetneut 
of Gauss, Eduard Schmidt was led to repeat and correct his results in^his 
admirable Handbook of Mathematical Geography, in which ho took into 
account both the higher powers given for the ellipticity, tha lati¬ 
tudes ob'^erved at tho intermediate jjoints, as well as tho Hanoverian 
measiiremonth and those which had been extended as far as Formentera 
by Biot and Arago. The results of tliis comparison have appeared in 
three forms, after undergoing a gradual correction, namely, in Gauss's 
Bestimmuvg der BreitenuHtersefuede vm Gotthigcfh mid Attona 1828, s. 82; 
in Eduard Schmidt’s Lekrbiich der Mathem. wnd Phys. Geographies 1829, 
Th. 1, s. 183, 194—199; and lastly in the preface to the latter work 
(8. 6). Tho last result is, for a meridian degree 57008.665 toises, or 
824,261 feet; for the ellipticity, Bessels first work 6f 1830 had 

been immediately preceded by Airys treatise on i\xQ Figure of the Barthp 
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fturcments of degrees, as follows :—The semi-axis major of a 
rotating spheroid, a form that approximates most closely to 

in the Encyulop?e(Ua Mttro))olitana. Ed, of 1849, pp. 220—239, (Here 
the semi polar ai.ib was given at 20,853,810 feet=3949.586 miles, the 
somi-eqiuitorial axis at 20,923,713 feet=:3962.824 miles, the meridian 
quadiant at 32,SJ 1,980 feet, ami tho ellipticity at The great 

astronomer of Komgsbcig was uninterruptedly engaged, from 1836 to 
1342, ill cdiculalious logarding the figure of the earth, and as his earlier 
woika wno eim ii<h‘d by subsequent coi'iections, the admixture of re¬ 
sults of iinestigations at difieient periods of time has, in many works, 
proved a soureo of great confusion, lu nuinben:, widcli from their very 
nature are dependent on on<' another, this admixture is rendered still 
more confusing liotii the erroneous reduction of measniements ; as, for 
instance, toueb, metres, English feet, inid miles of 60 and 69 ?u the 
equatorial degree, and this is the more to be regretted since many 
works, which have cost a very l.irge amount of time and Lihour, are 
thus rendered of niueh le'^s value than they otherwise would be. In 
the summer of 1837, Bt-ssel i»ublibhcd two treatises, one of which was 
devoted to the coiibuli ration of the infiuencemf the irregularity of tho 
oaiih's figure uptni goudttjc meauircLueuts, and their comparison With 
astrononiiud dctn-iniuations, whilst the other gave the axes of the ob> 
late spheroid, which SLcnnd to conespond most closely to existing 
measurements of meridian urc^ (Schum. Astr, Nadir, bd. xiv, No. 
329, B. 269, Xo. 333, &. 345). The resiilta of his calculation were 
3271953.854 t<)uses for tho betrii axis major; 3201072.900 toiscs for 
the bemi-axia minor; and foi tho length of a mean meridian degiee, 
that is to My, for the unudieth pirt ai liio earth’s quadrant (veitically 
to the equat(jr), 5761 1.453 toiaea An error of 68 toibea, or 440,8 feet, 
winch was delected by Puissant, in the luodo of calculation that 
lud been adtqded, in 1808, by .i rommisbion of tho National lufetitute 
for detormining the dibtance of the partdlels of Montjouy, near 
Barcelona, and Jlola in Eormentcra, led Bcbpel, in the year 1841, 
t<^ bubmi^ his prevuma calcuhtions regarding the dimensions of tho 
eaidh ter a new revision. (Suhnm. Adr. Nadir. Bd. xix, No. 438, 
97—116). Thib corrcctiiu jieldcd for the length of the earth’s 
quadtant 5131179 SI toUes, lusiead t»f 513U74U tojfes, which had 
been obtained in acctirdanco with the first determination of the metre; 
and for the mean length of a moritlian degree, 57013.109 toises, 
which IB about 0.611 of a toi‘=c more than a meridian degree, at 
45® lat. The numbers given m tho text are the result of BesBel’s latest 
calculations. Tho length of tho meridian quadrant, 5131180 toisee, 
with a mean error of 265,63 toisee, is therefore—10000856 metres. Which 
would therefore give 40003423 metres, or 21563.92 geographical miles, 
for the entii *0 circumference of the earth. The difference between the 
original assumption of the Commission des Poids et Meswres, according to 
which the metre was tlie forty-millionth part of the earth^s circumfer¬ 
ence, amounts for the entire circumference to 3423 metres, or 1756.27 
toiseSj which is almost two geographical miles^ or more accurately 
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the irregular figure of our earth, was 3272077.14 toises, or 
20,924,774 feet; the semi-axis minor, 3261139.33 toises, 
or 20,854,821 feet; the length of the earth’s quadrant, 
5131179.81 toises, or 32,811,799 feet; the length of a mean 
meridian degree, 57013.109 toises, or 364,596 feet; the 
’ length of a parallel degree at 0° latitude, and consequently 
that of an equatorial degree, 57108 52 toises, or 365,186 
feet; the length of a parallel degree at 45°, 40449.371 toises, 
or 258,657 feet; the ellipticity of the e:irth, rsT > 
the length of a geographical mile, of which sixty go' to an 
equatorial degree, 951.8 toisess, or 6086.5 feet. 

The table (page 17) shows the increase of the length of the 
meridian degree from the equator to the pole, as it has been 
found from observations, and therefore modified by the local 
disturbances of attraction 

The determination of the figure of the earth by the mea¬ 
surement of degrees of longitude on different parallels re¬ 
quires very great accuincyin fixing the longitudes of different 
places, Cassini de Thury and Lacaille employed, in 1740, 
powder signals to determine a perpendicular line at the 
meridian of Pari.H, In more recent times, the great trigono¬ 
metrical survey of England has determined, by the help of 
far better instruments and with greater accuracy, the lengths 
of the arcs of parallels and the differences of the meridians 
' between Ileaehy Head and Hunnose, as well as between 
Dover and h’almouth. These determinations were, however, 
only made for differences of longitude of 1°26' and 6°22'.® 
By far the most considerable of the.se surveys is the one that 
was carried on between the meridians of Marenne^^ on the 
western coast of France, and Fiume. It extends over the 
western chaiq of the Alps, and the plains of Milan and Pjidua', 
in a direct distance of 15° 32' 27^^ and was executed under 
the direction of Brousseaud and Largeteau, PljLua and Car- 

Bpeaking, 1.84. According to the earliest determinations, the length of 
the metre was determined at 0.5130740 of a toise, while according to 
Bessel’s last determination it ought to be 0.5131180 of a toise. The 
difference for the length of the metre is, therefore, 0.038 of a French 
line. The metre has, therefore, been established by Bessel as equal 
to 443.334 French lines, instead of 443.296, which is its present legal 
value (Compare also, on this so-called natural standard, Faye, Xepoms de 
Coemographie, 1852, p. 93). 

® Airy, Figure of the Earth in the Encycl. Metrop, 1849, pp, 214—216, ' 
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liui, almost entirely under the so-called mean parallel of i5\ 
The numerous pendulum experiments which have been con¬ 
ducted in the neighbourhood of mountain chains, have con¬ 
firmed in the most remarkable manner the previously-recog¬ 
nised influences of those local attractions which wore in¬ 
ferred from the comparison of astronomical latitudes with 
the results of geodetic measurements.® 

In addition to the two secondary methods for the direct 
measurement of a degree on meridian and parallel arcs, we 
have still to refer to a purely astronomical determination of 
the figure of the earth. This is based upon the action which ' 
the earth exerts upon the motion of the moon, or in other 
words upon the inequalities in lunar longitudes and latitudes. 
Laplace, who was the first to discover tlie cause of these 
inequalities, has also taught us their application by ingeni¬ 
ously showing how they afford the great advantage which 
individual measurements of a degree and pendulum experi¬ 
ments are incapable of yielding, namely, that of showing in 
one single result the mean figure of the cartL’® We would 

® Biot, Astr. Physique, t, ii, p. 482, and t, iii, p. 482. A very accu¬ 
rate geodetical measuretnent, which is the more important from its 
serving as a comparison of the levels of the Moditerraneau and Atlantic, 
has been made on the parallel of the chain of the Pyrenees by Cora- 
boeuf, Delcros, and Peytier. 

1** CoHmos, vol. i, p. 160. It is very remarkable that an astronomer 
without leaving his observatory, may merely by comparing his obser- 
vations with analytical results, not only be enabled to determine with 
exactness the si/e and degree of ellipticity of the earth, but also its 
distance from the sun and moon—results that otherwise coiijd only be 
arrived at by long and arduous expeditions to the most remete parts 
of both hemispheres. The moon may, therefore, by the observation 
its movements render appreciable to the higher departments of 4i8tro- 
nomy, the ellipticity of the earth, as it taught the early astronomers 
thb rotundity of our earth by means of its eclipses’' (Lonlace, Ejcpos, tlu 
Syst. du p. 230). We have already in vol. iv, pp. 481 — 

532, made mention of an almost analogous optical method suggested by 
Arago, and based upon the observation that the intensity of the ash- 
coloured light, that is to say the terrestrial light in the moon, might 
afford us some information in reference to the transparency of our 
entire atmosphere. Compare also Airy in the EucycL MePeop, pp. 180,, 
236, on the detormination of the earth’s ellipticity by means of the 
motions of the moon, as well as at pp. 231—^35, On the inferences which 
he draws r6gai*diDg the figure of the earth from precession and nutation. 
According to Biot’s investigations, the latter deteruUnatiou would only 
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here again refer to the happy expression of the discoverer of 
this method ^^that an astronomer vnthout leaving his obser¬ 
vatory Inay discover the individual form of the earth in 
which he dwells, fiom the motion of one of the heavenly 
bodies.” After his last revision of the inequalities in the 
longitude and latitude of our satellite, and by the aid of 
several thousand observations of Burg, Bouvard, and Burck- 
hardV' Laplace found by means of his lunar method a 
compression amounting to which is very nearly equal to 
that yielded by the measurements of a degree of latitude 

(tIt)- 

The vibrations of the pendulum yield a third means of de¬ 
termining the figure of the earth (or in other words* the 
relation of the major to the minor axis, on the supposition of 
our planet being of a spheroidal form), by the elucidation of 
the law according to which gravity increases from the equator 
towards the pole. The Arabian astronomers, and more es¬ 
pecially Ebn-Jiinis, at the close of the tenth centii y, and 
during the brilliant epoch of the Abbassidian Califs**, first 
employed these vibrations for the determination of time, and 
after a neglect of six hundred years the same method was 
again ado])ted by Galileo, and Father Riccioli at B*dogna,^ 
The pendulum in conjunction with a system of wheels used 
to regulate the clocks (which were first employed in the 
imperfect experiments of Sanctorius at Padua in 1612, and 
then in the more perfect observations of Huygens in 1656), 
gave the first material proof of the different intensity of gravity 
at different latitudes in Richev’s coinparisen of tha beats of 
the sam^ astronomical clock at Paris and Cayenne, in 1672. 
Picard was indeed engaged in the equipment of this im- 

I wrtilnt voyage, but he does not on that accoi nt assume to 
ixmself the merit of its first suggestion. Richer left Paris 

give, for the earth’s ellipticity, limiting and widely differing values 
and Astton, Phifsique^ 35me 6d. t. ii, 1844, p. 463- 

^ Laplace, M4canique Celeste^ ^d. do 1846, t. v. pp. i6, 53. 

^ Cosmos^ vol. i, p. 168. Edward Bernard, an Englishman, was the first 
who recognised the application of the isochronisin of pendulum-oscil¬ 
lations in the writings of the Arabian astronomers. (See his letter, dated 
Oxford, April, 1683, and addressed to Dr. Robei*t Huntington, in 
Dublin. Philos. Transac. vol. xii, p. 567.) 

^ Fr€ret de VEtude de la Philosophic Amienne in the Mim. de VAcad^ 
dfSS Inscr, t. xviii (1763), p. 100. 

c2 
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in October, 1G71, and Picard in tTie descinption of Ijis mea¬ 
surement of a degree of latitude, which appeared in the same 
year merely refers to “ a conjecture which was advanced 

Picard, Mesture de la Terre^ 1671, Art. 4, It is scarcely probable 
that the conjecture which was advanced in the Paris Academy even 
before the year 1671, to the effect that the intensity of gravity varies 
with the latitude (I^alande, Astronomie, t, iii, p. 20 § 2668) should have 
been made by the illustrious Huygens, who had certainly presented 
his Di&cotirs sur la ilaitise de la Gravity to the Academy in the course 
of the year 1669. There in no mention made in this treatise of the 
shortening of the seconds-pendulum, which was being observed by 
^Richer at Cayenne, although a reference to it occurs in the supple- 
mev^ts to this work, (one ol which must have been completed after the 
publication of !N^ewtou*s Principia^ and consequently later than 1687). 
Huygens writes as follows:—“Maxima pars hujtis libelU scripbi est, 
cum Luteti® degemn (to 1681) ad enm iisquo locum, ubi de altera- 
tione, quic pendulis accidit e motu Tcrrae.” See also the explanation 
which 1 have given in Cosmos, vol. ii, p. 736. The observations made 
by Richer at. Cayenne were not publi.shed until 1679,* as I have already 
observed in the text, and therefore not until fully six years after his 
return, and what is more remarkable, the annals of the Acad6mie des 
Inscriptions conhvin no notice during tliis long period of Richer’s im¬ 
portant double observations of the pendulum clock and of the simple 
scconds-pendnlum. We do not know the time when Newton first 
became acqtiainted with Richer’s results, although his own eai'liest 
theoretical speculations regarding the figure of the earth date farther 
back than the year 1665. It would appear that Newton did not be¬ 
come acquainted until 1682 with Picard's geodetic measurement, which 
had been published in 1671, and even then “ he accidentally heard of it 
ftt a meeting of the Royal Society, which he was attending.” Hia know¬ 
ledge of this fact as Sir David Brewster has shown {^leinoir$ of Sir /. 
Newton, vol. i, p. 291), exerted a very important influence on his deter¬ 
mination of the earth's diameter, and of the relation wliicir'J;ho fall of 
a body upon our planet bears to the force which retains the moon in 
its orbit, Newton's vi^ws may have been similarly influenced J?y the 
knowledge of the spheroidal form of Jupiter which had been ascertained 
by Cassini prior to 1666, but was first desciibed in 1694 Mimoires 
de VAcadimie des Sdcnces, t. ii, p. 108. Could Ntiarton liave learnt 
anything of a much earlier publication, of which some of the sheets 
were seen by Lalaude in the possession of Mnraldi? (Compare 
Lalande, Astr, t. iii. p. 335, § 3346, with Brewster, Memoirs of Sir /, 
Newton, vol. i, p. 322, and Cosmos, vol. i, p. 156.) Amid the siinultan* 
eous labours of Newton, Huygens, Picard, and Cassini, it is often very 
difficult to amvo, with any certainty, at a just appreciation Of the diffu¬ 
sion of scientific knowledge, owing to the tardiness with which men 
at that day made known the result of their observations, the pub¬ 
lication of which was moreover frequently delayed by accidental dr- 
cumatances. 
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by one of the members, at a meeting of the Academy, ac¬ 
cording to which the weight of a body must be less at the 
equator than at the pole, in consequence of the rotation of 
the*earth.” He adds doubtfully, that although it would 
appear from certain experiments made in London, Lyons, 
and Bologna, as if the seconds-pend\ilum must be shortened 
the nearer we approach to the equator; yet on the other 
h^-ud he was not sufficiently convinced of the accuracy 
of the measurements adduced, because at the Hague, not¬ 
withstanding its more northern latitude, the pendulum 
lengths were found to be precisely the same as at Paris. 
The periods at which Newton first became acquainted with 
the important pendulum results that had been obtained by 
Hicher as early as 1(572, although they were not printed 
until 1679, and at which he first heard of the discovery that 
had been made by (^assini, before the year 1666, of the com- 
pre.ssion of Jupiter’s disc, have unfortunately not been re¬ 
corded with the same exactness, as the fact of his very tardy 
acquaintance with Picard’s measurement of a degree. In an 
ago so remarkable for thcsuccessfulemulation that distinguished 
the cultivators of science, and when tbcoi-etical views led to 
the prosecution of observations, which by their results re¬ 
acted in their turn upon theory, it is of great interest to the 
history of the mathematical establi-sliment of physical as¬ 
tronomy, that individual epochs should be determined with 
accuracy. 

Although direct measurements of meridian and parallel 
degrees (the former especially in the case of the French 
measurement of a degree'® between the latitudes 44° 42' 
and 47^* 30', and the latter by the comparison of points lying 
to the east and west of the Italian and Maritime Alps)/* 
exhibit great deviations from the mean ellipsoidal figure of 
thp earth, the variations in the amount of ellipticity given 
by pendulum lengths (taken at difforeut geographical points 
ana in different groups) are very much more striking. The 
determination of the figure of the eai-th obtained from the 

Dolambre, Bate du Syst. MStrique, t. iii, p. 548. 

“ Cosmos, vol. i, p. 159. Plana, Operations Geodiaiques et Astron^ 
•liquet pour la Mesure d'un Arc du Barallile Moym, t. ii, p. 847; 
(Jarlinl in the hffemeridi Astronomiche di Milano per I'anno 1842, 

p. 67. 
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increase or decrease of gravity (intensity of local attraction), 
assumes that gravity at the surface of our rotating spheroid 
must have remained the same as it was at the time of our 
earth’s consolidation from a fluid state, and that no later 
alterations can have taken place in its density.*’ irot- 
withstanding the great improvements wliich have been made 
in the instruments and methods of measurement by Borda, 
Kater, an«i Bessel, there are at present in both hemisphere^, 
fiom Spitzbergen in 79° 60' N.L., to the Falkland Islands, in 
61“ 35' S.L., where Freycinet, Duperrey, and Sir James Boss 
successively made their observations, only from G0 to 70 
irregularly scattered points,*® at which the length of the 
simple pendulum has been determined with as much accu¬ 
racy as the position of the ]>lace in respect to its latitude, 
longitude, and elevation above the level of the sea. 

The pendulum experiments made by the French astrono¬ 
mers on the measured part of .a meridian arc, and the obser¬ 
vations of Captain Kater in the trigonometrical survey of 
Great Britain concun-ed, in showing that the results do not 
individually admit of being referred to a variation of gravity 
proportional to the square of the sine of the latihide. On this 
account the English Goveniment determined, at the sugges¬ 
tion of the Vice-President of the Royal Society, Davies 
Gilbert, to fit out a scientific expedition, which was en¬ 
trusted to my friend Edward Sabine, who had accompanied 
Captain Parry on his first polar voyage in the capacity of 
astronomer. In the course of this voyage, which was con¬ 
tinued through the years 1822 and 1823, he coasted along 

*7 Compare Biot, Aatronomie Physiqiie, t. ii, 1844, p. 464, wit^ Coamoa, 
vol. i, p. 160, and vol, iv, p. 427, where I Lave considered the difficulties 
presented by a comparison of the peiiods of rotation of planets,c aud 
their observed compression. Schubert (Astron. I'h. iii, s. 316) Las 
also drawn attention to this difiicnlty, aud Bcbsel m his treatise On 
Mass and Weight says expressly, that the supposition o?fhe invariability 
of gravity at any one point of observation has been rendered somewhat 
uncertain by the recent experiments made on the slow upheaval of large 
{lortions of the earth’s surface. 

Airy in his admirable treatise on the Figure of the Earth {Encych 
Metropol. 1849, p. 229) reckoned fifty different stations where trust- ' 
worthy results had been obtained up to the year 1830, and fourteen 
others, (thobe of Bouguer, Legeutil, Lacaille, DIaupertuis and La 
Croy^re), which however do not bear comparison with the former in 
point of accuracy. 
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the western scores of Africaj from Sierra Leone to the Is¬ 
land of ■ St. Thomas, near the Equator, then by Ascension to 
South America, from Bahia to the mouth of the Orinoco, on 
his way to the West Indies and the New England States, 
after which he penetrated into the Arctic regions as far as 
Spitzbergen, and a hitherto unexplored and ice-bound portion 
of East Greenland (74° 32'). This brilliant and ably con¬ 
ducted expedition had the advantage of being mainly 
directed to one sole object of investigation, and of embracing 
points which are separated from one another by 93° of 
latitude. 

The field of observation in the French expedition foT the 
measurements of degrees was more remote from the equinoc¬ 
tial and arctic zones ; but it had the great advantage of 
presenting a linear series of points of observation, and of 
affording direct means of comparison with the partial curvature 
of the arcs obtained by geodetico-astronomical observations. 
Biot, in 1824, carried the line of pendulum measurements 
from Formentora (38° 39' 50") where he had already made 
observations conjointly with Arago and Ohaix, as far as 
Unst, the most northerly of the Shetland Islands (60° 45' 
25"), and with Mathieu he extended it to the parallels 
of Bordeaux, Figeac, and Padua, as far as Fiume.** These 
pendulum results, when compared with those of Sabine, 
certainly give for the compression of the whole northern 
quadrant, but when separated into two halves, they yield 
a still more varying Tesult, giving from the equator to 

45°, and^-j^^ from 45° to the pole.” It has been shown 

<§* 

Biot and Arago, Recv>eil d*Ohscrv, G6ode9iqumetAatronontiques,M2\f 
.pp. 626—640, and Biot, Trait6 d'Aatr, Physique^ t. ii, 1844, pp. 466— 
473. • 

30 Op. dt. p. 488. Sabine {Exper, for determining the variation in the 
length of the Pendulum vibratiTiLg Seconds'j 1825, p. 352) finds from 
all the thirteen stations of his pendulum expedition, notwithstending 
their great distances from one another in the northern hemisphere; 
and from these, increased by all the penduliun stations of the British 
survey and of the French geodetic measurement from Forihentera tQ 
Dunmrk, comprising therefore in^ll a comparison of twenty-five points of 
observation he again foupd It is still more striking, as was already 
observed by Admiral Lutke, that far to the west of the Atlantic region 
in the sderidians of Petropawlowski and New Archangel]^ the peudulupi 
lengths yield a much greater ellipticity, namely ^ 7 . As the previously 
applied theory of the influence ^of the air surrounding the pendulum 
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in many instancea, and in both hemispheres, that there is an 
appreciable influence exerted by surrrounding denser rocks, 
(basalt, greenstone, diorite, and melaphyre, in opposition to 
specifically lighter secondary and tertiary formations,) in the 
same maimer as volcanic islands®^ influence gravity and 
augment its intensity. Many of the anomalies which pre¬ 
sented themselves in these observations do not, however, 
admit of being explained by any visible geological characters 
of the soil. 

For the southern hemisphere we possess a small number 
of admirable, but very widely diffused observations made by 
Freycineb, Duperrey, Fallows, Liibke, Biisbane and Kumker. 
Thesa observations have confirmed a fact which had been 
• strikingly demonstrated in the northern hemisphere, namely, 
that the intensity of gravity is not the same for all places 
having the same latitude, and that the increase of gravity 
from the equator towards the poles appears to be subjected 
to different laws under different meridians. Although the 
pendulum measurements made by Lacaille at the Cape of 
Good Hope, and those conducted in the Spanish circumnavi¬ 
gating expedition l>y Malaspiua, may have led to the belief 
that the southern hemisphere is in general much more com¬ 
pressed thau the northern, compariscms made between the 
Falkland Islands and New Holland on the one hand, 

led to an error in the calculation, and had rendered a correction neces¬ 
sary as early as 1786, (when a somewhat obscure one was given by the 
Chevalier de Buat,) on account of the difference iu the loss of Weight 
of solid bodies, when they are either at rest m a fluid, or impelled in a 
vibratory motion, Bessel with his usual analytical clearnens'kiid down 
following axiom in his UnteraiLchungen Tiber die Lange deB elnfachmh 
SccvtndevjgendeUf s. 32, 63, 126—129, “When a boay is moving iu a • 
fluid (the atmosphere;, the latter belongs with it to the moved Bytfeevn, 
and the moving force must be distributed not only over the particles 
of the solid moved body, but also over all the moved ^aiticles of the 
fluid.** On the experiments of Sabine and Baily, whi^ originated in 
BesBel's practically important pendulum correction (reduction to a 
vacuum), see John Herachelin the Jfe/noir of Frwacia £aily^ 1846, pp. 
17—21. 

91 Comos, vol. i, p. 169. Compare, fer the phenomena occurring in 
islands, Sabine Pend. Exper. 1825, p. 237, and Lutke, Ohs. da Pmdale 
inmriabte, exictUiea de 1826—1829, p. 241. This work contains a 
^markable table, p. 239, on the nature of the rocks occurring at 16 
pendulum stations, from Melville Island (79° 60^ N. Lat.) to Valparaiso 

(82° 2' a Ut), 
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and Kew York, Dunkirk, and Barcelona on the other, 
have, however, hj their more exact results shown that 
the contrary is the case, as I have already elsewhere in¬ 
dicated.** 

Prom the above data, it follows that the pendulum (al¬ 
though it is by no moans an unimportant instmmmt in 
geognostic observations, being as it were a sort of plummet 
cast into the deep and unseen strata of the earth) does not 
determine the form of our planet with the same exactitude 
as the measurement of a degree, or the movements of our 
satellite. The concentric, elliptical, and individually homo¬ 
geneous strata, which increase in density according to certain 
functions of distance from the surface towards the ccnfcrep of 
the earth, may give rise to local fluctuations in the intensity 
of gravity at individual points of the earth’s surface, which 
differ according to the character, position, and density of the 
sevei*al points. If the conditions which ]reduce these devi¬ 
ations are much more recent than the consolidation of tho 

® Cosmos, voL i, p 161. Eduard Schmidt {Mafhcnt. und Pht/s. Qeo- 
grapkiCy Th. i, s. 394), has separated from a large number of the pen- 
uuluiQ obbervatious which were made on board the corvettes Descubierta 
and Atrevida, under the command of Malaspina, those thirteen stations 
which belong to the southern hemisphere, from which he obtained a 
mean compression of Mathieu obtained ^ from a compa- 

lison of Lacaille's observations at the Cape of Good Hope and the Isle 
of France with Fails, but the lustruments of measurement used at that 
day did not afford the same certainty as we now obtain by the appli¬ 
ances of Borda and Katcr, and the more modern methods of observa¬ 
tion. The present would seem a fitting place to notice the boautifiil 
expenmenid of Foucault, which afford so high a pi oof of the ingenuity 
of the inventor, and by which wo obtain ocular e\idence of the rotation 
o*f the earth on its axis by means of the pendulum, whose plane of 
vibration slowly rotates from east to west. (Comptes rendtes de VAcad» 
des Sc,i S^aiuce du 3 Fivrier, 1851, t. xxxii, p. 135). Experiments for 
noticing the deviation towards the east in observations of falling 
bodies, dropped from church towers or into mines, as suggested by 
Benzenberg and Reich, require a very great height, whilst Foucault’s 
apparatus makes the effects of the earth's rotation perceptible with a 
pendulum only six feet long. We must not confound the phenomena 
which inay be explained by rotation (^, for instance, Richer's clock 
experimenta at Cayenne, diurnal aberration, the deviation of projectiles, 
trade winds, etc.), with those that may at any time be produced by 
Foucault’s apparatus, and of which the members of the Academia del 
CiraeirUo appear to have had some idea, although they did not farther 
develops it (Antinori, in the Comptes rendv^^ t. xxxii, p. 635). 
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outer crust; the figure of the surface cannot be assumed to 
be locally modified by the internal motion of the fused 
masses. The difference of the results of pendnliup measure¬ 
ments is however much too great to be ascribed at the pre¬ 
sent day to eiTors of observation. Even where a coinci- 

. dence in the results, t)r au obvious regularity has been dis- 
covei^d by the various grouping and combination of the 
j)oints of observation, the pcuadulum always gives a greater 
ellipticity (varying between tlie limits and TfJ-g-) thap 
could have been deduced from the measurements of a degree. 

If we take the ellipticity which, iu accordance with 
Bessel’s last determination, is now generally adopted, 
namely, we shall find that the bulging®^ at the 

^ In Grecian antiquity two regions of the earth were designated as 
being characterised, iu accordance with the prevalent opinions of the 
time, by remarkable protuberance'^ of the surface, namely, the high 
north of Abia and the land lying under the equator. “ The high and 
naked Scytjiinn plains,*' says Hippocrates {de Acre ef Ar]ui8 § xix, p. 72, 
Littr6), "without being crowued by mountains stretch tar upward to 
the meridian of the Hear.” A similar opinion liad previously been 
asenbed to Empedocles (T^lnt. de Plae. Philos, ii, 3). Aristotle {MdeoT, 
i, 1 a 15, p. Ideler) says that the older meteorologists, according to 
whose opinions the sun " did not go under the earth, but passed round 
it,” considered that the protiiberances of the earth towards the north 
were the cause of the disappearance of the snn, or of the production of 
night. And in the compilation of the Proble^m (xxvi, 15, page 941, 
Bekker), the cold of the north wind was a-icribed to the elevation of 
the soil iu thi-i region of the earth, and iu all these passages there is 

• no reference to mountains, but merely to a bulging of the earth into 
elevated plateaux. I have already elsewhere shown {Astie Cmiraht 1 L 
p, 58) that Strabo, who alone makes use of the very charactoqstio word 
dpoiriltaf says that the <lifference of climate which arises from geogra- 
phioal position must everywhere be distinguished from that which 
ascribe to elevation above the sea, in Armenia (xi, p. 522, GasauU), in' 
hycaonia, which is inhabited by wild asses (xii, p. 568), and in Upper 

' India, in the auriferous country of the Derdi (xv, p. " Even in 

* southern parts of the world,” says the geographer of Am^ia, "eveiy 
high district, if it be also a plain, is cold*' (ii, p. 73). Eratosthenea 

I and Polybius ascribe the veiy moderate temperature which prevails 
under the equator not only to the more rapid transit of thd aun 
(Geminus, Ekm. Astron. o. 13, Cleom. Cycl. Tkeor., 1,6), but more espe- 
idally to the bulging of the earth (See ray Examen Orit. de la Qiogr. 
t. iib pp. 150—152). Both maintain, according to the testimony of 
StraTO (ii, p. 97), ** t^tthe district lying immediately below the eqtiator 
ia the highest, on which acoouut much rain falls there, in consequence 
of the vexy large accumulation of northern clouds at the period whpn 
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equator amounts to about 646,4^7 feet ; about 11^, or more 
accurately, H.492 geographical miles. As a comparison has 

4 

t 

those vriuds prevail, which change with the season of the year.” Of 
these two opinions regarding the elevation of the land in Northern 
Asia (the Scythian Europe of Herodotus) and in the equatorial zone, the 
former of the two, with the pertinacity characteristic of error, has kept 
its ground for nearly two thousand years, and has given occasion to the 
geoTogical myth of an uninterrupted plateau in the Tartar district 
lying to the north of the Himalayas, whilst the other opinion could only 
be justified in reference to a portion of Asia, lying beyond the tropical 
zone, end consequently applies only to the colossal, elevated or 
mountain plateau, Meru,” which is celebrated in the most ancient and 
noblest memorials of Indian poetry. (See Wilson's Diet Sanmit and 
English^ 1832, p. 674, where the word Mem is explained to signif^j an 
elevated platt»u). I have thought it necessary to enter thus circum¬ 
stantially into this question, in order that I might refute the hypothesis 
of the intellectual Freret, who, without indicating any passages from 
Greek writers, and merely alluding to one which seemed to treat of 
tropical rain, interjircts the opinion advanced regarding bulgings of the 
soil as having reference to compression or elongation at the poles. In 
the del^Acad. desImervptionH, t.xviii,l753, p. 112, Fr^5^et expresses 

himself as follows To explain the rains which prevailed in those 
equinoctial regions/which the conquests of Alexander first made known^ 
it was supposed thr.t there were currents which drove the clouds from 
the poles towards the equator, where, in default of mountains to atop 
their progress, they were arrested by the general elevation of the soil, 
whose surface at the e«piafcor is farther removed from the centre than 
under the poles. Some physicists have ascribed to the globe the figure 
of a spheroid^ which bulges at the equator and is flattened towards the 
poles, while on the contrary, in the opinion of those of the ancients who 
believed that the earth w'as elongated towards the polos, the polar 
regions are farther removed than the equatorial zone from the centre 
of the eartj^”' 1 can find no evidence in the works of the ancients to 
justify these assertions. In the third section of the first book of Strabo 
(page 48, Cnnaiib.), it is expressly stated that, after Eratosthenes has 
ODsei'wed that the whole eaith is. spherical, although not like a sphere 
that has been made by a turning-lathe (an expression that is borrowe<l 
from Herodotus, iv. 36), and exhibits many deviations from this form, 
he adduces numerous modifications of shape which have been produced 
by the action of water and fire, by earthquakes, subterranean currents 
of wind (elastic vapours?), au4 other causes of the same kind, which, . 
however, are not given in the order of their occurrence, for the rotun* 
dity of the entire earth results from.the co-ordination of the whole, ^uch 
modiflCfbtions in no degree affecting the general form of our eart^ 
lesser vanishing in the greater.” Sqbsequently we read, also in 
kurd’s admirablo translation, ^^that the earth, together with the sea, ia 
spherical, the two constituting one and the same surfree. The projec* 
tion of the land, which is inconsiderable and may remain unnoticed :is 
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very frequently been made from the earliest times of astro¬ 
nomical inquiry between this swelling or convex elevation 
of the earth’s surface and carefully measui'ed 
masses, I will select as objects of comparison the highest of 
the known peaks of the Himalayas, namely, that of Kin- 
tschindjinga, which was fixed by Colonel Waugh at 28,174 
feet, and that portion of the elevated plateau of Thibet 
which is nearest to the sacred lakes of Hakas-Tal and Man- 
assarova, and which, according to Lieutenant Henry Strachey, 
is situated at the mean height of 15,347 feet. The bulg¬ 
ing of our planet at the equatorial zone is thercfoi*e not 

lost in such magnitudes, so that in these cases we are unable to deter- 
mirw its spherical fiu’m with the same accuracy as in the case of ffspliere 
made by a turning-lathe, or as well as the sculptor, who judges from, 
his conceptions of form, for here we are obliged to determine by phy¬ 
sical and less delicato perception ” (Strabo, ii, p, 112). “The world ia 
at once a work of nature and of providence,—a work of nature inasmuch 
as all things tend towards one point, the centre of tin? whole, round 
which they gi'oup themselves, the less dense element (water) containing 
the denser (earth).” (Strabo, xvii, p, 809). Wherever we find the figure 
of the earth described by the Greeks, it ia compared (Cleom. Oycl. Theor. i, 
8 ,p. 51) with a flat or centrally depressed disc, a cyhiuler (Anaximander), 
a cube or pyramid, and lastly we find it generally held to be a sphere not- 
withataiidlng the long contest of the Epicureans, who denied the ten¬ 
dency of attraction towards the centre. The idea of compression does not 
seem to have presented itself to their imagination. The elongated earth 
of Democritus was only the disc of Thales lengthened in one direction. 
The drum-like form, ro rw/i7ra votg, which seems more especially 

to have emanated from Leucippus (Plut. tie Flue. Philos, iii, 10; Galen. 
Hist Phil., cap. 21; Aristotle, de Cedo, ii, 13 page, 293 Bekker), appears 
to have been founded upon the idea of a hemisphere with a flat basis, 
which probably represented the equator, whilst the curvakn-e was re¬ 
garded as the oiKovixivt}, A passage in Pliny, regarding Pearls (xi, 
54), elucidates this form, whilst Aristotle merely com])ares the segment^ 
of the sphere with the drum {Mettorol. ii, 6, a 10, Ideler, t. i, p. SW), as 
we also find from the commentary of Olympiodorua (Ideler, t. i, p. 301). 
X have here purposely avoided referring to two passage Which are well 
known to me in Agathemerus {de Qeographia, lib. i, cap, 1, p. 2, Hudson) 
and in Eusebius [Evangel, Preepwrat, t. iv, p, 125, ed. Gaisford, 1843), 
because they prove with what inaccuracy latpr writers have* often 
ascribed to the ancients views which were totally foreign to them. 
According to these versioiis, “ Eudoxus gave for the length and breadth 
of* the earth's disc values which stood in relation to one another as 
1 to 2; the same is said in reference to Dicsearchus,' the pupil of Arifl- 
totle, who, however, advanced his own special proofs of the spherical 
form of' the earth (Marcian, CapeUa, lib. vi, p. 192). Hipparchus re- 
g^urded the earth as rpam^Quhii^, and Thales held it to be a sphere!** 
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qtdte three times as great as the elevation of the highest of 
our motmtains above the sea’s level, but it is almost five , 
great as that of the eastern plateau of Thibet. 

"W*© ought here to observe that the results of the earth’s 
compression, \vhich have been obtained by mere measure¬ 
ments of a degree, or by combinations of the former with 
pendulum measurements, show far less considerable differ¬ 
ences in the amount of the equinoctial bulging than wo 
should have been disposed at first sight to conclude from the 
fractional numbers. The difference of the polar compres¬ 
sions and amounts to only about 7000 fee^ in 
the difference of the major and minor axes, basing the calcu¬ 
lation on both extreme numerical limits; and this is*not 
twice the elevation of the small mountains of the Brocken 
and of Vesuvius ; the difference being only about one-tenth 

2^ It has often seemed to me as if the amoxint of the compression of 
the earth was regarded as somewhat doubtful merely from our wish 
to attain ati unnecessary degree of accuT*acy. If we take the values of 
the compression at hnd that the difference of 

both radii is equal to 10,554, 10,905, 11,281, 11,084 toises, or 67,488, 
69,554, 73,137, 74,714 feet. The fluctuation of 30 units in the denomi¬ 
nator produces only a fluctuation of 1,130 t<use8 or 7,126 feet in the 
polar radius, an amount which, when comjwed with the visible in¬ 
equalities of the earth’s surface appears so very inconsiderable, that I 
a;n often surprised to find that the experiments coincide within such 
closely approximating limits. Individual observations scattered over 
wide surtaces will indeed teach us little more than what we already 
know, but it would be of considerable importance to connect together- 
all the tneasuremeuts that have been made over the entire surface of 
Europe, dficlnding in this calculation all astronomically determined 
points.'' (Bessel, in a letter addressed to myself, December, 1828.) Even 
.'if this plan wore carried out, we should then only know the form of 
thalfportion of the earth, which may be regarded as a peninsular pro¬ 
jection, extending westward, about sixty-six and a half degrees from the 
great Asiatic Continent. The steppes of Northern Asia, even the mid* 
die Kirghis steppe, a considerable portion of which I have myself seen, 
are 6ften interspersed with hills, and in respect to uninterrupted 
levels, cannot be compared with the Pampas of Buenos Ayres, or the 
Llanos of Venezuela, The latter, which are far removed from all 
mountain chains and consist immediately below the surface of secon¬ 
dary and tertiary strata, having a very imiform and low degree of den¬ 
sity, might by differences in the results'of pendulum vibrations, yield 
very decisive conclusions in reference to the local constitution ot the 
deep internal strata of 'the earth,—Compare my Viem of Nixlwre, 
pp. 2—8, 29—32. 
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of the bulging which would be yielded by a polar dompres^ 
sion of ■g'Jrg't 

As soon as it had been ascertained by more .accutate mea' 
surements of a degree, made at very different latitudes, that 
the earth could not be uniformly dense in its interior, (because 
the results showed that the compression was very much 
less than had been assumed by Newton and much 

greater than was supposed by Huygens (yyx), who con¬ 
sidered that all forces of attraction were combined in tlie 
centre of the earth,) the connection between the amoinit 
of^jompression and the law of density in the interior of our 
earth necessarily became a very important object of ana¬ 
lytical calculation. Theoretical speculations regarding gravity 
very early led to the consideration of the attraction of large 
mountain masses, which rise freely and precipitously into 
the atmosphere from the dried surface of our planet. New¬ 
ton, in his Treatise of the Si/stem of the World in a Popular 
Wai/y 1728, endeavoured to determine what amount of 
deviation from the perpendicular direction the pendulum 
would experience from a mountain 2,665 feet in height and* 
5,330 feet in diameter. This consideration very probably 
gave occasion to the unsatisfactory experiments, which were 
made by Bouguer on Chimborazo,®* by Maskelyne and 

Bouguer who had been induced by La Coudamine to institute 
experinxents on the deviation of the jdummet near the mountain of 
Chimborazo, does not allude in his Figure de la Ter}% pp. S04—394 
to Newton's proposition. Unfortunately the most skilful of the two 
travellers did uot observe on the east and we>sterii sides of the 
colossal mountain, having limited his exiieriments (December, 1738) to 
two stations lying on the same side of Chimborazo, first in a south¬ 
erly directifm 61^ 30^ West, about 4,572 toises or 29,326 feet from 
the centre of the mountain, arid then to the South 16° West {di&anco 
1,753 toises or 11,210 feet). The first of these stations lay in a district^ 
with which I am well acquainted, and probably at th# same elevation 
as the small alpine lake of Yana-cocha, and the other in the pumice*8totie 
plain of the Arenal (La Condamine, Voyage A VEqvai&ur^ pp. 68—70). 
The deviation yielded by the altitudes of the stars, was, contrary to all 
expectation, only l/'b which was ascribed by the observers tbemselvea 
to the difficulty of making observations so immediately in the Vicinity 
of the limit of perpetual snow, to the want of accuracy in their instru* 
moots, and above all to the great cavities, which were conjectured to 
Oxjst within this colossal trachytic motintain. I have already expressed* 
many doubts, based upon geological grounds, as to this assumption qf 
very large cavities and of the very inconsiderable mass of the tro* 
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Huttoa on Shehallien, neax Blaix-Athol, in Perthshire ; to 
the comparison of pendulum lengths on a plain lying at an 
eloyatipn Of 6000 feet and at the level of the sea (as for . 
instaiic® Carlini’s observations at the Hospice of Mont Cenis, 
and Biot and Mathieu’s at Bordeaux); and lastly to the deli' 
cate and thoroughly decisive expei'iments undertaken in 1837 
by Reich and Bailey with the ingeniously constructed torsion- 
balance which was invented by John Mitchell and subse¬ 
quently given to Cavendish by Wollaston.^® The three 
modes of determining the density of our planet (by vicinity 
to a mountain mass, elevation of a mountainous plateaii, and 
the balance) have already been so circumstantially detailed 
in a former part of the Cosmos (voL i,, p. 158), that it «aly 
remains for us to notice the exj>eriments given in Reich’s 
. new treatise, and prosecuted by that indefatigable observer 
during the interval between the years 1847 and 1850.” 

chytio dome of Chimborazo. South-south-east of this mountain, near 
the Indian village of Calpi, lies the volcanic cone of Yana-nreu, which 
I carefully investigated in concert with Bonpland, and which is cer¬ 
tainly of more recent origin then the elevation of the great dome- 
shaped trachytic mountain, in which neither 1 nor Bousslngault could 
discover anything analogous to a crator. See the Aacent of Chimborazo 
in my Kldw Schriftm, Bd. i, s. 138. 

^ Baily, Exper, with the Tordon Rod for determining the mean dendty 
of the earthy 1843, p. 6; John Hersehel, Memoir of FraTicis Baily, 
1846, p. 24. 

Reich,iVewc Verewchemit derDrdmwje, mthei46ftaw(Zt dermathenh. < 
physiechen Clas»e der Kbn. Sdchaischen Gasellschaft der Wiasemtekaften zu 
Leipzig, 1862, Bd. i, s, 405, 418. The most recent experiments of my ■ 
respected ifiend Professor Reich, approximate somewhat more closely 
to the results given in Baily's admirable work. I have obtained the 
inean 5.5772 from the whole series of experiments: (a) with the tin 
ball dhd the longer thicker copper wire, the result was 6.5712, with a 
probable error of 0.0113; (b) with the tin ball, and with the shorter 
thinner copper wii^e, as well ua with the tin ball and the bi-filar iron 
wire, 6.5832, with a probable error of 0.0149. Taking this error into 
account, the mean in (a) and (b) is 6.5766. The result obtained by Baily, 
and which was certuiuly deduced from a larger number of experiments 
(5.660), might indeed give us a somewhat higher density, as it obviously 
rose in proportion to the greater lightness of ,the balls that wero used 
m the experiments, which wero either of glass or ivory. (Reich in 
‘ Poggend. Annakn, Bd. Ixxxv, a. 190. Compare also Whitehead Hearn 
in the Philos, Transact, for 1847, pp- 217—229.) The motion of th^ 
torsion balance was observed by Baily by means of the reflection of a 
scale obtained from a mirror^ which was attached to the middle of the 
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The whole.may in accordance with the present state of onr 
knowledge be arranged in the following manneif;— 


Shehallien, according to the mean of the maximum 
4.867 and the minimum 4.559, as found by Play¬ 
fair. 4.713 

JiTotit Cents, observations of Carlini, with the cor¬ 
rection of Giulio,. 4.950 

The torsion-halance, Cavendish (accordiiig to Baily’s 

calculation) . 5.448 

Reich, 1838 ... 6.440 

Baily, 1842 . 5.660. 

. Reich, 1847—1850 . 5.577 


The mean of the two la.st results gives 5.62 for the density 
of the earth (taking that of water as 1), and consequently 
much more than the densest finely granular basalt, which 
according to the numerous experiments of Leonhard varies 
from 2.9'5 to 3.67, and more than that of magnetic iron (4,9 
to 5.2), and not much less than that of the native arsenic of 
Maricnberg or Joachimsthal. We have already elsewhere 
observed [Cosmos, vol. i, p. 159) th.at from the gre.at distribu¬ 
tion of secondaiy and tertiary formations, and of those up- 
heaved strata which constitute the visible continental part of 
our earth’s suidace (the plutonic and volcanic upheavals 
being scattered in the form of islands over a small area of 
space), the solid portion of the upper part of the earth’s crust 
possesses a density scarcely reaching from 2.4 to 2.6. If we 
assume with Rigaud that the relation of the solid to the 
fluid oceanic surface of our globe is as 10 : 27, aucT’if further 
we consider that the latter has been found by experiments 
with the sounding lead to extend to a dejjth of 27,704) feet, 
the whole density of the upper strata, which underlie the dry 
and oceanic suifaces, scarcely equals 1.5. Th^distinguished 
geometrician Plana has correctly observed that the author of 
the Mecanique Celeste was in error, when he ascribed to the 
upper stratum of the earth a density equal to that of granite, 

, balance, a method that had been first suggested by Reicb, and was 
employed by Gauss in his magnetic observations. The nse of such a 
mirror, which is of great importance from the exactness with which 
tiio scale may be read olf, was proposed by Poggendorff as early as the 
year 1826 [Annalen der Phytik. Bd. vii, s. 12G. 
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wrhich, moreover, he estimated somewhat highly at 3, which 
would give him 10.047 for the density of the centre of the 
earth,®® This density would, according to Plana, be 16.27 it 
we assxime that of the upper strata = 1.83, which difTers 
but slightly from the total density of 1.5 or 1.0 of the earth’s 
crust. TliC vertical pendulum, no less than the horizon :al 
torsion balance, may certainly be designated as a geognostic 
instrument; but the geology of the inaccessible parts of the 
interior of our globe is, like the astrugnosy of the unillumi¬ 
nated celestial bodies, to be received with considerable cau- 

® Laplace, Micanique CClcHe, <?d. do 1846, t. v, p. 57. The mean 
specific weight of granite cannot bo set down at more than 2.7, syicf 
the bi-ax5al white potash-mica, and green uni-axial magnesia-mica range 
from 2.85 to 3.1, whilst the other constituents ot vliis rock, namely 
quarts and felspar are 2.56 and 2.66. Even oligoclase ia only 2.68. If 
hornblende rises as high as 3.17, syenite, in which felspar always pre¬ 
dominates, never rise.s above 2.8. As argillaceous schist varies from 
2.69 to 2.78, while pure dolomite, lying below limestone, equals only 
2.88, chalk 2.72, and gypsum and rocksalfc only 2.3, I consider that 
the density of those continental parts of the crust of our earth, which 
are appreciable to us should be placed at 2.6 rather than at 2.4. La¬ 
place, on the supposition that the earth’s density increases in arith¬ 
metical progression from the surface towards the centre, and on the 
assumption (which is assuredly erroneous) that the density of the 
upper stratum ia equal to 3, haa found 4.7647 for the mean density of 
the whole earth, which deviates very considerably from the results ob¬ 
tained by lleich (5.577) and by Bady (5.660); this deviation being much 
greater than could be accounted for by the jirobable error of observa¬ 
tion. In a recent discussion on the hypothesis of Laplace, which will 
soon form a very interesting paper in Schumacher’s Aatr. Nachrlchtm, 
Plana haa arrived at the result that, by a difierent method of treating 
this hypoti^esia, Reich's mean density of the earth, and the density of 
the dry and oceanic superficial .strata, which I estimated at 1.6, as 
well ^8 the ellipticity, within the limits that seem probable for the latter 
value, may bo very closely approximated to. ** If the compressibility 
of the substances of which the enrth is formed,*' writes the Turin geo¬ 
metrician, '*ha8 given rise to regidar strata, uerady elliptical in fox’m, 
and having a density which increases from the sui*faco towards the 
centre, we may he allowed to suppose that these strata, in the act of 
becoming consolidated, have experienced modifications, which, although 
they are actually very small> are nnverthelos.s large enough to preclude' 
the possibility of our deducing, with all the precision that xve could 
desire, the condition of the solid earth from its pnor state of fluidity. 
This reflection haa made me attach the greater weight to the first 
hypothesis advanced by the autlior of the M^canique Cile^ie, and T 
have consequently determined upon submittmg it to a new investi' 
gation.” 

VOL. V. D 
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tion. In a portion of my work, which treats of volcanic pheno¬ 
mena) I cannot wholly pass in silence those pioblems, which 
have been suggested by other inquirers in reference to the 
currents pervading the general fluid in the interior of our 
planet, or the probable or improbable periodically ebbing 
and flowing movement in individual and imperfectly filled 
basins, or the existence of portions of space, having a vety 
low specific gravity and underlying the upheaved mountain 
chainsIn a work deA’oted to cosmical phenomena 
no qiiostion should he overlooked on which actual observa¬ 
tions have been instituted, or which may seem to be eluci¬ 
dated by close analogies. 

b. The Hxl&tcnce and Distribidion of Heat in the interior of 

our Globe. 

(Expansion of the Delineation of Nature, 

Cosmos, vol. i, pp. 160—168.) 

Considerations regarding the internal heat of our earth, 
the importance of which has been greatly augmented by the 
connection which is now generally recognised to exi.st be¬ 
tween it and phenomena of upheavals aud of volcanic action, 
are based partly u])on direct, and therefore incontrovertible 
measurements of temperature in springs, borings, and sub¬ 
terranean mines, and partly upon analytical combinations 
regarding the gr.idual cooling of our planet, and the influence 
which the decrease of heat may have exercised in primeval, 
ages upon the velocity of rotation and upon the ^Hrection 
of the currents of internal heat.^ The figure of tlie com¬ 
pressed terrestrial spheroid is further dependent upon thft 
law, according to which density increases in coiicelltrio 
superimpo3e<l non-homogeneous strata. The or experi¬ 
mental, and therefore the more certain portiba of the in¬ 
vestigation' to which we shall limit ourselves in the present 
place, throws light only upon the accessible crust of the 
earth, which is of very inconsiderable thickness, whilst the 

™ See Petit »w la latituds de V Ohnervatoirc de Touhmte, la detukA 
maymm de la chainc des Pyrhiees, et laprobahiliU (lu'ilexiate Uaividt^ 
tons cette chaine, in the Oomptes rendua de I’Acad, dea Sc., t. xxix. 
p. 730. 

Cosmos, vol. i, p. 169. 
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rooonfl or matli'ematical part, in accordance with the nature 
ot‘its ^xpplication^=^, yields rather negative than positive results. 
This raethod of enquiiy, wliich possesses all the charm of 
ingenious and intellectual combinations of thought,loads 
to jTTobletns, which cannot be wholly overlooked when wo 
touch upon conjectures regai'ding the origin of volcanic 
lurces, and the reaction of tlie fnsed interior upon the solid 
cxteiTial crust of onr earth. Plato’s goognostic myth oi 
the Pyriphlcgcthon,^^ as tlio origin of all thermic springs as 
well as- of voh-anic igneons currents, emanated from tlio early 
and generally felt rcquiiHmient of discovering some common 
cause for a grout and complicated series of phenomena. > 

Amid the multi])! icity of relations presented by the 
earth’s surface, in to insolation (solar action) and 

its capacity of radiating ln‘at, and amid the great diflci’ences 
in the capacity for conducting heat, whicli varies in ac¬ 
cordance Avitli tlio composition and density of lietero- 
gencous rocks, it is Avurlhy of notice, that wherever the 
observatioTis have been condiictcMl Avith care, and under 
ikvoumble circumstnnees. the increase of the temperaturo 
with the depth hus been found to present for the most pai't 
very closely coinciding i^esults, even at very diilerent lo¬ 
calities, For very grout depths wo obtain the nirtst certain 
results from Artesian wells, especially when they arc tilled 
with fluids that have been vemhired turl^id by the admixture 
of clay, and are therefore less favoui'ablo to the jiassage of 
internal currents, and when they do not receive many latei'al 
affluents flowing into them at different elevations through 
transverse fi.-'.sures. On account of their depth, we will 
hegin with two of the most remarkable Artesian wells, 
nanudy^that of Grenelle, near Paris, and that of the New 
Salt Works at Oeyuhauseu, near Mindeu, Wo will proceed 
in the foliowing ]m.riigra];)h to give some of the most accurate 
results wliich tlioy have yielded. 

Acco3:!diug to the ingenious measurements of Walferdiu,^*- 


Hopkinfl; P?vyi<ical Gtoloyy, in the Pepnrt of the Bi'lti&h AHnociation 
for 1888, p. i)2; PhUos, Trawmet^ 1331), pt. ii, p. 3S1, ;md 1840, pt. i, 
p. 393; Htnnessey {Ttnrtsiriai Phydes) iu the Philos, TrtiasacL, 1851, 
pt. ii, pp. ,604—525. 

Cosimst vol. i, p. 235. 

observation* of Walferdia were made in the autumn of 1847, 
fnd (leviato Tory slightly from tlie'rcHultd obtiiined with the same ap})a- 

P 2 
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to Avhom we are indebted for a complete series of a^ctt deli- 
cate apparatus for determinations of temperature at great 
df pths in the sea and in springs, the surface of the basin 
of the well at Grcnelle lies at an elevation of 3G.24 metros 
or 119 feet above the h.'A^el of the sea. The upper outlet 
of the ascending sju'ing is 33.33 metres or 109.3 feet higher. 
Tin’s total clovntion of tlie ascending water (G9.57 inetn^s or 
228.2 feet) is, when coni})ared Avith tlie level of the sen about 
19G S feet lower thnii the ontl»reak of tlu^ grec^.n sandstone 
sirxta in the hills near Lusigny, soutliMvist of Paris, to 
Avhosc infiltrations the vise of the waters in the Artesian 
w,clIs at Crenelle luiA’e l)een ascribed. Tin- bemngs extend 
to a dej>th of 547 metres oi 1794.G feet below the base of 
the Crenelle J)asin, or about 510.7G metres or 1G75 feet 
beloAv the level of the sea; the Avaters conscfjU(*nily rise to a 
total hcighL of 580.33 metres or 1904 feet. The ternpe- 
ratnre of the s]n*ing is 81 ^95 F.; consequeu 
of heat marks 1“ F. for about ovtny 59 fet t. 


tly the iiicrea.'sc 


The boring at the New Balt Works at Itehmc is situated 
231 feet above the level of the sea (above the watermark at 
Amsterdam). It has penetrated to an absolute d(q)thof 2281 
feet below the surface of the earth, nieasuriug from the point 
A\ here the operations were begun. Tlio .salt •^ju’ijig which, 
Avheii it hursts forth, is iini)rognated witl) a large quantity 
of carbonic acid, lies therefon; 2052 feet below the level of 
the sea, a relative dej>th Avliich is |)crhaps tlie greatest that 
has ever been reached by nian in the interior of the earth. 
The temperature of the salt spring at the Noav Ralt Works 
of Oeyuhauaen is 91 04 F., and as the mean artnual tem¬ 
perature of the air at these works is about 49^.3 F,, wo 
may assume that tliere is an inerefisii of tomperakire of 
I*’ F. for every 54.G8 feet. The biu-uig at these Salt Works ^ 
is thcrefoi'e 491 feet absolutely deeper th^flb. the boring at 


ratus, by Arago, in 1810, at a depth of 1057 feet, when the borer had 
left the chalk and was beginning to penetrate through the gault. 8ce 
Cosmon, vol. -1, p. 167, and Co7ffpta rend/is, t. xi, 1840, p. 707. 

According to the manuscript results given by the snperintondeut 
of the mines of Gcjuihausen. See CW/rtos, vol. i, pp. 148, 166; and 
Bisebof, Lelirhuch rfer Chem. und Phys. Omloyh, Bd. i, Abth. 1, s. 154 
—163. In regard to absolute dc]>th, the borings at Moudorf, in the 
Grand Duchy of Tjuxeniburg (2202 feet), approach most nearly to those 
at the new salt worki ut Oeynhau-sen. 
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Grenelle ; it sinks 377 feet deepei' below the surface of the 
sea> and the temperature of its waters is 9° 18 F. higher. 
The increase of the heat at Paris, is about 1° P. for 59 
feet, and therefore scarcely greater. I have already else¬ 
where dx’uwu attention to the fact that a similar result was 
obtained by Auguste de la Rive and Marcet, at Br6gny, near 
Geneva, in investigating a boring wdxicli was only 725 feet 
in-depth, although it was situated at an elevation of more 
than IGOO feet above the iNfediterraneau Sea.®® 

If to these three springs, which possess an absolute depth 
varying between 725 feet and 2285 feet, wc add another, that 
of Monkwoamiouth, near Newcastle, (the water rising 
through a coal mine whiclj, according to Phillips is worked 
ut a depth of 1496 feet below the level of tlie sea,) ^ye 
shall find this remarkable result, that at four places widely 
sepal ated from one another an increase of heat of F. 
varies only between 54 and 58 G feetsuch a coincidence 
in the results cannot, however, be always expected to occur 
wlicn we consider the nature of the means wdiicli are em¬ 
ployed for determining the internal heat of the earth at 
definite depths. Although wc may assume that the water 
which is infiltrated in elevated positions through hydrostatic 
pressure as in connected tubes, may influence the rising of 
springs at points of great depth, and that the subterranean 

^ CosmoSjVol. i, p. 1G6, ami Mtiuoircs de JaSocicte d^lIisL Naturelledc 
Genh'r^ t. vi, 1S33, p, 243. The comparison of u luunhtir of Aitesinii 
wells ill the iieiglihourhood of Lille, with those of Saint Oueu and 
Genova would, indeed, lead us to assume, if we wore quite certain as to 
theaccurrtCy ot the numerical data, that the diflerent conductive powers 
terrestrial and rocky strata exert a more considerable influence 
than has generally been supposed (Poisson, lliCorie MathCviatique de 
hi Cfialeur, p. 421). 

In a table of fourteen borings, which were more than one hundred 
yards in depth, and which were situated in various parts of France, 
Jiravais, in his very instnictive encyclopicdic memoir in the Patria^ 
1‘'j 17, p. 145, indicates nine in which an increase of temperature of 
1" F. is found to occur for every 50—70 feet of depth, which would 
give a deviation of about 10 feet in cither direction from the mean 
value given in the text. See also Magnus in Poggen. A n». Bd. xxii, 1831, 
s. 146. It would appear, on the whole, that the increase of tempera¬ 
ture is most rapid in Artesian wells of vciy inconsiderable dej^th, 
although the very deep wells of Monte Massi in Tuscany, and Neuffen 
on the north-west part of the Swabian Alps, present a remarkable ex¬ 
ception to this rule. 
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waters v^cquire tlio tcnipemtiire of the terrestrial strata >vilh 
which they are brought iu contact, the water that is ob- 
taiued through bori7)gs may, in certain causes, when comTuuni' 
eating with vertically descending fissures, obtain pome aug¬ 
mentation of heat from an inaccessible depth. An influence 
of this kind, which is ^cry different frrmi that of the varying 
conductive power of different roiks, may occur at individual 
points widely distant from the original Ijoriug. It is pro¬ 
bable that the waters in the interior of our earth move in 
some cases within limited spactNs, fiovving either in streams 
tJirough fissures (on which account it is not unusual to find 
that a few only of a large munber of ctnitiguous boring>s prove 
successful), or else follow a horizontal din^otiou, and thus form 
extensive basins—a relation whichgivatly favours th<‘labour 
of boring, and in somc^ rare eases betrnys, b;y the presence of 
cels, mussels, or vegetable reTuains, a eonncetioii with the 
earth’s surface. Althoui;}) from the causes which we have 
aiVeady imlicated, tla^ aseending springs arc sometimes 
wannor than tln^ slight (le])ih of the boring would lead 
Us to anticipate, tie* afflux of colder water which flows 
laterally through transverse fissures lead.i to an opposite 
result. 

It has already been observed that ]»f>ints situated on tho* 
same veitical line at an inconsidcrabh' depth within the 
interior of our eaith, exjua'a in at very <lilTerent times 
the maximum and Iniuinjinu of ;ihnos])Jieric t<nnperature, 
which is modified l>y the iiu\ pJ..,cc, and by the seasons of 
the year. Accoi-ding to theverv accurate oliservations of 
Quetelet, daily variations of ti'mperatim* are not percep- 
tildo at depths of 3^ths fet't Ixdow the surface ami at 
tlie higlicst tcinpeiufuro was not indicated'nmtil 
the 10th of Doeember in a tlu vmonieter which had been 
sunk to a depth of more that, Jo fvM*t, wliilsfSHhe lowest tem¬ 
perature was observed on tlie ITdli of June. In like manner, 
in the admirable experiments nude by Ib^ofeysor Forbes, in 
, the neighbourhood of Edinburgh, on the conductiv^e power of 
dlffcmit rocks, the maximum of heat was not observed until 
the 8th of January iji the basaltic tra)> of Caltoii Hill at 
a depth of 24 fett below the surface.®® It would appear 

^ Quetolet, in the Bulletin tie VArad, dc BruxelleHy 1836, p. 75. 

3* Forbes, Exper, oil the temperature of Che earth at different depths 
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from the observations "which were carried on for many 
years Ai^ago in the garden of the Paris Observatory, tliat 
very small diifereuces of temperatm'e were perceptible 30 
feet below the surface. Bravais calculated one degree for 
about every 50 feet on the high northern latitude of Bosse- 
ko]», in Finmark (69° 58'N.L.). The difteveuce between 
the highest and lowest annual temperature diminishes in 
proportion with the dej)th, and according to Fourrier this 
difference diminishes in a geometrical jjroportion as the 
depth increases in an arithmetical ratio. 

The stratum of invariable temperature depends, in I'espect 
to its depth, conjointly n])on the latitude of the plac-e, 
tho conductive power of the surrounding strata and +he 
amount of diffei’oncc of ti^mporaturc between the hottest 
and the coldest seasons of the year, Jn the latitude 
of Paris (48° 5U') tho depth and ti^rnperature of the Caw&^ 
dc VOhservaioire (86 feet and 53° 30 F.) are usually re¬ 
garded as affording the amoTint of depth and temperature 
of the invariable stratum. Since Cassini and Legentil in 
1783 jdaced a very correct mercurial thermometer in 
these subteiTanean caves, wliich su'c portions of old etono 
quai'ries, the mercury in the tube has risen about 0°.4.^® 
Whether the cause of this rising is to be ascribed to an 
accidental alteration iii the thermomctricfd scale which, 
however, was adjusted by Arago in 1817 with his usual 
care, or whether it indicates an actual increase of heat is 
still undecided. The moan temperature of tho air at Paris 
is 51^.478 F. Bravais is of o])iniou that the thermometer 
in the Saves de V Ohservafoire stands below the limit of 
invariable temperature, although Cassini believes that he 
has &>uud a difference of of a degree (Fahr.) between 

tho. winter and summer temj^emture, the liigher tempe- 


in tlio Trans, of the Royal Sue. of Edinharyh^ vol. xvi, 1849, pt. ii, 
p. 189. 

All numbers referring to the teni]»crature of the Caves de FObser* 
ratoirc have been tak^n from the work of Poissou, Th^orie 
tique de /a Chaleur, pp. 415 and 462. The Anmiaire Mt!(eorolo<^iqu€ de la 
Fra^ice, edited by Martins and Haegliena, 1849, p. 88, contains correc¬ 
tions by Qay-Lussac for Lavoisier's subtorraneau tlierinonieter. The 
mean of three readings, from June till August, was 63®.95 F. for 
this tb^^rmometer, at a time when Gay-Lussac found the temi^erature 
to be 63®.32, which wag therefore a diffcreuco of 0®.68., 
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rature being found to prevail in the winter." If we now 
take the mean of many observations of the temperature 
of the soil between the parallels of Zurich (47° 22') and 
Upsala (59° 51'), we obtain an increase of 1° F. for cveiy 
40 feet. Differences of latitude cannot produce a difference 
of more than 12 or 15 feet, which is not marked by any 
regular alteration from south to north, because the influence 
which the latitude undoubtedly exerts, is masked within 
these narrow limits by the influence of the conductive 
power of the soil, and by errors of observation. 

As the terrestrial stratum in which we first cease to ob¬ 
serve any alteration of temperature thi’eugh the whole year 
lies, according to the theory of the distribution of heat, so 
much the nearer the surfiice, as the maxima and minima of 
the mean annual temperature approximate to one another, a 
consideration of this subject has led my friend Boussingault 
to the ingenious and convenient method of determining the 
mean temperature of a place within the tropical regions 
(especially between 10 degrees north and south of the 
equator) by observing a thermometer which has been buried 
8 or 12 inches below the surface of the soil in some well 
protected spot. At diflTcrent hours and diffei*cnt months of 
the year, as in the experiments of Captain Hall near the 
coast of the Choco in Tumaco, those at Salaza in Quito, and 
those of Boussingault in la Vega de Zupia, Marmato, and 
Anserma Nuevo in the Cauca valley, the temperature 
scarcely varied one-tenth of a degree; and almost within 
the same limits it was identical with the mean temperature 
of the air at those places in which it had been determined 
by horary observations. It was, moreover, very remarkable 
that this identity remained perfectly unifonn, whctl\pr the 
thermf metric soundings (of less than one foot in depth) 
were made on the torrid shores of Guayaqiiti* and Payta, on 
the Pacific, or in an Indian village on the side of the volcano 
of Purace, which I found from my barometrical measure¬ 
ments to be situated at an elevation of .1356 toiscs, or 8671 
feet above the sea. The mean temperatures differed by 
fillly 25° F. at these different stations,*^ 

Cassini, in the MCm, de VAcad. des Sciencee, 1786, p. 611. 

Boussingault, sur la profondeur d laquelU on tronve dant la zone 
torride la couche de tev^piralure iiiiaiiable, in the Aimalea de Chimie 
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I believe that special attention is due to two observations 
which I made on the mountains of Peru and Mexico, in 
mines which lie at a greater elevation than the summit of 
tho Peak of Teneriffe, and arc therefore the highest in which 
a thermometer has ever been placed. At a height of 
between 12,000 and 13,000 feet above the level of the sea 
I found the sxibterranean air 25 '^ P. warmer than the 
external atmosphere. Thus, for instance, the little Peruvian 
town of Micuipampa^* lies, according to my astronomical 
and hypsometrical observations, in the latitude 6° 43' S,, 
and at an elevation of 1857 toises or 11,990 feet, at the 
base of Ceiro de Gualgayoc, celebrated for the richness of 
its silver mines. The summit of this almost isolated 
fortress-like and picturesquely situated mountain rises 240 
toises or 1504 feet higher than the streets of Micuipampa ; 
the external air at a distance from the mouth of the pit of 


de Phy^iquCj t. liii, 1833, pp. 225—247. Objections have been advanced 
by John Caldecott, the astronomer to tho liajoh of Travancore, and by 
Captain Newbold, in India, against the method recommended in tins 
memoir, although it has been employed in South America in many 
very *iccurate experiments. Caldecott found at Trevandrum {EtUa, 
Transact, vol. xvi, part iii, pp. 379—393), that the Temperature of the 
soil at a dei)th of three feet and more below the surface, (and therefore 
deeper than Bonssingault’s calc*ulati(jn,) was 85° and 86° F., while the 
mean temperature of the air was 80°.U2. ewlxjUVs experiments {Philos* 
Transact for the year 1845, pt. i, p. 133), which were made at Bellary, 
let, 15* 5', showed an increase of temperature of 4° F. between sunrise 
and 2 p.m. for one foot of depth, but at Cassargode, lat. 12° 29', there 
Was only an increase of 1°.30 F., under a cloudy sky. Is it quite cer¬ 
tain that t^io thermometer in this case w^as sufficiently covered to pro¬ 
tect it from the influence of the sun’s rays^ Compare also Forbes, 
Mxper* <wi the Temp, of the Earth at difh'ent iUpths^ in the Edin. Tran^ 
Boot. ?oL xvi, part ii, p. 189. Colonel A. Costa, the admirable historian 
of Now Granada, has made a prolonged series of observations, w'hich 
fully confirm Boussingault’s statement, and which were completed, 
about a year ago, at Ouadua, on the south-western side of the elevated 
plateau of Bogota, where the mean annual temperature is 43*.94 F. at 
the depth of one foot, and at a carefully protected spot, Boussingault 
thus refers to these experiments:—'^The observations of Colonel A. 
Costa, whoso extreme precision in everything which is connected with 
meteorology is well known to you, prove that when/w/^y sheltered from 
all disturbing infinences^ the temperature within the tropics remains 
constant at a very small depth below tho surface.” 

^ In reference to Gualgayoc (or Minas do Cboia) and Micuipampa, 
see Humboldt, Recueil d'Observ. Astron, yoV, i, p. 324. 
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the Miua del Purgatorio was 42°.26 F., hut in the intei'ior 
of the mine, which lies more than. 20.'57 toises, or 13,154 feet 
above tlie sea, I s;iw that the thermometer everywhere indi¬ 
cated a temperature of 07°.G4 F,, there being thus a differ- 
euce of 25°.38 F. Tlie limestone rock was hero perfectly 
dry, and very fi'w men were working in the mine. lu the 
Mina do Giiadalu];e, wliich lies at the same elevation, I 
found that the temj^eratnre of the internal air was 57°.9 F., 
showing therefore a dilForence of F. when compared 

with the external air. The water which flow<;d out from 
the very damji mine stood at 52'’.34 F. The mean annual 
tom])ei’ature of Micuii)ampa is probably not more than 
45'".8 F. In Mexico, in the rich .silver mines of Guanaxnato,“ 
I found in the Mijia de, Valeneiaua the external temperature 
in the neighbourhood of the Tiro Nuevo (which is 7590 feet 
above the sea) 70'MG F., and the air in the doejjcst mines, for 
instance in the Planes do San Bernardo, 1G.30 feot below the 


opening of the shaft of 'J’iro Nuevo, fully 80°.G F., which is 
about the mean temperature of the littoral region of the 
Gulf of Mexico. At a point 147 feet higher than the 
mouth of the Planes do San Bernardo, a spring of water 
issues from the tr.iusverse rock, in which the temperat^ire is 
S4'^.74 F. I determined the latitude of the mountain town 


of Ouanaxuato to be 21° 0' N., with a mean annual tem¬ 
perature varying between G()°.44 and 01°.2G F\ The present 
is aiot a fitting place in which to advance conjectures, which 
it might be difficult to establish in relation to the causes of 
probably an entirely local rise of the subterranean temporar 
ture at mountain elevations, varying from GOO® to more 
than 12,000 feet. 

A remarkable contrast is exhibited in the steppes of Nor¬ 
thern Asia, by tlie conditions of the frozen soil, whose very 
existence was doubt(;d, notwithstanding the'^arly testimony 
of Gmelin and Pallas! It is only in recent times' that cor¬ 
rect views ill relation to the distribution and thickness of ■ 


the stratum of .subterranean ice have been established 
means of the admirable investigations of Erman, Baer, and 
Middendorfif, In accordance with the descriptions given of 
Greenland by Cranz, of Spitzbergen by Martens and Phipps, 


Eatai Polit, tur le Hoy. de la Now. Eapayne {2&me ed., t. iil, 

p. 201). . ’ 
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and of the coasts of the sea of Kara l>y Sujev/, the whole of the 
morft northern part of Siberia was described by too hasty a 
p;eneralization as entirely devoid of vegetation, always frozen 
on the sui'face, and covered with perpetual snow, even in the 
plains. The exti'cme limit of vegetation in Northern Asia 
is not, as was long assumed, in the parallel of GT'^, althougli 
sea-winds and the neighbourhood of the Bay of Obi make 
this eytimato true for 01)dorsk; for in the valley of the 
great River Lena, high trees grow as far noith as the lati¬ 
tude of 71°. Even in the desolate islands of New Siberia, 
large herds of reindeer and countless lemmings find an 
adequate nourishment,^* hriddeudorffs two Siberian expe¬ 
ditious, wdiich are distiuguislmd by a spirit of keen observa¬ 
tion, adventurous daring, and the greatest perseverance in a 
laborious undertaking, were extended from tlie year 1813 to 
184(5 as far north as the Taymir land in 70"* 45'lat., and 
south-east as far as tlie Upper Anioor and tlie Sea of Ochotsk. 
The former of tlie^e perilous undertakings led the learned 
investigatoi* into a liitlierto uiivisited region, wlioso explora¬ 
tion was the more important in consequence of its being 
situated at equal distances from the eastern and western 
coasts of the old Continent. In addition to the distribution 
of organisiTvs in high northern latitudes, as depending mainly 
upon climatic relations, it was directed by the St, Peters- 
burgh Academy of Sciences that the accurate doterinination 
of the temperature of the ground and of the thickness of the 
s^btervun:ean frozen soil should he made the principal objects 
of the expedition. Observations were made in borings and 
mines at •a depth (*f from 20 to GO feet at more than twelve 
ppints (near Turuclmnsk, on the Jenisei, and on the I^na) at 
r^latiive distances of from IGOO to 2000 geographical miles. 

The most iinport*aiit seat of these geothermic observation:; 
was however Schergin’s sliaft at Jakutsk 62° 2 ' N. lat.'** 

^ E. von Baor, in MiddondorlTB Relse in Sib,, Ed. i, s. vii. 

The merchant Fedor Schergiu, caslucr to the Ihipsian-Aincrican 
Trading Company, began, in the year 182S, to dig a well in the court¬ 
yard of a house belonging to the company. As he liacl only found 
froS:en earth and no water at the depth of 90 feet, which ho readied iu' 
1830, ho determined to give up the attempt, until Admiral 'VVrangel, 
who passed through Jakutsk on his way to Sitoha, in liu«sinu America, 
and who saw how intereatuig it would be, in a hcientifio point of view, 
to penetrate througli this Bubterranean stratum of ice, induced Schergin 
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Here a subterranean stratum of ice was pierced to a depth 
of more than 382 feet. The thermometer was sunk at 
eleven points alon^; the lateral walls of the shaft between 
the surface and the greatest depth, which was reached in 
1837. The observer was obliged to be let down standing in 
a bucket, with one arm fastened to a rope, while he read off 
the thermometric scale. The series of observations, whose 
mean error does not amount to more than 45 F. embrace 
the interval between April 1844 and June 1846. The 
decrease of cold was not proportional to the depth at indi¬ 
vidual points, but nevertheless the following results were 
obtained for the total increase of the mean temperatures for 
the different superimposed frozen strata :— 
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After a very careful consideration of all these observations, 
Middendoi'ff determined the general increase of tempera¬ 
ture to be 1"^ F. for eveiy space varying from 44®.5 to 52 
feet.^® This result shows a more rapid increase of heat in 

to continue the boring; and, up to 1837, although an opening had 
heen made to a depth of 382 feet below tlio surface, it had not pene¬ 
trated beyond the ice. 

MiddendorfiF, Reise in Sib. Bd. i, s. 125—133. “If we exclude/' 
says Middendorff, “those depths wliich did not quite reach 100 feet, 
on the ground that they were influenced by annual deviations of tem¬ 
perature, as -was determined by experiments previously made in Siberia, 
we shall still hnd certain anomalies in the partial increase bf heat. 
Thus, for instance, between the doj)tha of 150—200 feet the tempera¬ 
ture rises at a ratio of 1® F. for only 29.3 feet, While between 260— 
300 feet the corresponding increase is 96.4 feet. We may, therefore, 
venture to assert that the results of observations that have hitherto 
been obtained in Shei'gin'a shaft are by no means sufficient to deter¬ 
mine with certainty the amount of the increase of temperature, aUd 
that, notwithstanding the great variations which may depend upon the 
diflerent conductive powers of the teirestrial strata, and the disturbing 
influence of the air or water which enters from above, an increase of 
1® F. occurs for every 44—*52 feet. The result of 62 feet is the mean of 
six partial increases of t( uiperature, measured at intervals of 60 feet 
between the depths of 100 and 382 feet. On comparing the mean 
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Schergin’s shaft than has been obtained from different bor¬ 
ings in Central Europe, whose results approximate closely to 
one another (see p. 37). The difference fliietuates between 
^th and -J-th. The mean annual temperature of Jakutsk was 
determined at 13°.7 F. The oscillation between the summer 
and Vinter temperature is so great, according to Newerow’s 
obserViitions, which were continued for fifteen years (from 
1889 to 1844), that sometimes for fourteen days consecutively 
in July and August, the atmospheric temperature rises as 
high as 77,° or evAi 84° 6 F., while during 120 consecutive 
winter days from November to Februaiy, the cold falls to 
between —42°.3 F. and - 69° F. In estimating tlie increase 
of temperature which Avas found on boring through the 
frozen soil, we must take iuto account the depth below the 

annual temperature of Jakutsk 13°.7l F. with that which was found 
from obspivatiou to be the mean teinpcr.itnro of the ico (2C°.6) at the 
greatest depth of the mine (382 feet;, I find 29 6 feot for cveiy increase 
of 1® F. A comj)arifc.on of the temperatuie at the deepest part with 
that at a depth of 100 feet would give 14.4 feet for thib increase. From 
the acute investigatione of Muldendoiil’and Petern m reference to the 
velocity of tiunamisMion of changes c>f atmosplieric temperature, in¬ 
cluding the maxima of cold and heat (Mxddend. b. 133—157, 168—175), 
it follows that in the diffeient hoiiugs which do not exceed the in- 
con.siderahle depth of from 8 to 20 feet, ‘‘the tempeiaturc lises from 
March to October, and falls from November to April, beeaubo the 
spring and autumn are the reasons of the year in which the changes of 
atmospheric temperature aie most considerable” (a. 142—145), Even 
carefully covei'cd mine.s in Noitbern Liberia become gradually cooled, 
in consequence of the walls of the bhafta having been for years in con- 
t.ict with the air; this cause, hoivever, has only made the temperature 
fall about 1° F. in Schergiu's shaft, in tlie ccuirso of eighteen years. 
A remarkable and hitheito unexplained phenomenon, which has also 
jA*e8entetl itself in the Scheigin shaft, is the w^armth occasionally ob- 
fiorve^J ill the winter, although only at the lowest strata, without any 
appreciable influence from wnthout (s. 1 56—1781. It seems still more 
striking to me, that in the borings at Wedeiisk, on the Paslna, when 
the atmospberie temperature is—31® F, it should be 26®.-4 at the 
inconsiderable depth of 5 or 10 feet! The isogeothermal lines, whose 
direction was first i>ointed out by Kupfler, in his admimblo in- 
'vestigations {Cosmos, vol. i, p. 216) will long continue to present prob¬ 
lems that wo are unable to solve. The solution of these problems is 
more especially difficult in those cases in which the complete perfora¬ 
tion of the frozen soil is a work of cousidemble time; wo can, how^ever, 
no longer regard the frozen soil at Jakutsk as a merely local pheno¬ 
menon, w'hich, in accordance wdth Slobin's view, is produced by the 
terrestrial stitita deposited from water (l\liddend. s. 167). 
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sinface at which the ice exhibits the temperature of 32'’F., 
aud which is cousequciitly the nearest to the lower limit of 
the frozen soil; according to MkklendorflPs results which 
^^tirely agree with those that liad been obtained much earlier 
by Erman, this point was foimd in Schergiu’s shaft to be 652, 
or 684 feet below the surface. It would appear, howe\rer, 
from the increase of tehipcratxire which was observed in the 
mines of Mangan, Sliilow and Dawydow, which are situated 
at about three or four miles from Irkutsl^ in the chain of 
hills on the left bank of the Lena, and wiich are scarcely 
more than 60 feet in depth, that the normal stmtum of perpe- . 
tual frost seems to be situated at 320 feet below the surface.*’ 
Is t*his inequality only apparent in cousequence of the un¬ 
certainty which attaches to a numerical determination, based 
on so inconsiderable a depth, aud docs the increase of tern* 
peratui’c obey different laws at different times? Is it 
certain that if we were to make a horizontal section of 
several hundred fathoms from the deepest part of Sehorgin s 
shaft into the adjoining country, we should find in every 
direction and at every distance from the mine frozen soil, in 
wliieh the thermometer would indicate a temperature of 
below the freezing point ? 

Schrenk has examined the frozen soil in 67*^ 30^ II, L. in 
the country of the Samojedes. In the neighbourhood of 
Pustojenskoy Grorodok, fire is employed to facilitate the 
sinking of wells, and in the middle of summer ice was found 
at only 5 feet below the surface. This stratum cc'dd be 
traced for nearly 70 feet, when the works were suddenly 
stopped. The ijihabitants were able to sledge over the 
neighbouring lake of Usteje tliroughout the whole of^the^ 
summer of 1813.*® Duriiig my Siberian expedition with 
Ehrenberg and Gustav Rose, we caused a boring t® be mi i© 

Middendorff, Bd. i, s. 160, 164, 179. In these numerical data and' 
conjectures regarding the thickness of the frozen soil, it is assumed 
that the temperature increases in aritlimetical progression with th© 
depth. Whether a retardation of this increase occurs in greater depths 
is theoretically uncertain, and hence there is no use in entering upon 
deceptive calculatious regarding the temperature of the centre of the ■ 
earth in the fused heterogeneous rocky masses which give rise to 
currents. 

Schrenka Seise durch die Tmdern dcr Sumojedert, 1348, Th. i, 
s. 597. 
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in a piece of turfy ground near Bogoslowsk 44' N. L.) 
arhong the CTral Mountains on the road to thcTurjin mines/®. 
V/e foiin.<l pieces of. ice at the depth of 5 feet, which were 
embedded, breccia-like, in the frozen ground, below whicli, 
■began a stratuiii of thick ice which we had not penetrated 
at the, depth of 10 feet. 

Tho ff/Vffrtrphieal extension of the frozen ground, that is to 
say, the limits within which ice and frozen earth are found 
at a certain depth, even in the month of August, and con¬ 
sequently throughout the whole 3 ’oar, in the niost northern 
parts of the Scandinavian peninsula, as flxr east as the coasts 
of Asia, depends, acconling to Middendorirs acute obser¬ 
vations (like all geothermal relations) more upon local 
influences than upon tlie tompciuture of the atmosphere. 
The influence of the latter is on the whole, no doubt, stronger 
than any otlier, but the i^sogeolhcrmul lijies are not, as 
Kupffer has remarked, parallc 1 in theii* convex and concave 
cuives to climatic isothermal lines, which are determined by 
the means of the atmospheric temjieraturo. The infdtration 
of liquid vapours deposited by the air, the idsiiig of thermal 
springs from a depth, and the varying conductive powers of 
the soil, appear to be especially active.®'^ ^‘On the most nor¬ 
thern point of the Emxjpean continent, in Fiamark^ between 
the high latitudes of 70° and7l°, there is as yet no con¬ 
tinuous tract of frozen soil. To the eastward, impinging 
upon the valley of the Obi, 5^ south of the North Cape, we 
find frozen ground at Obdorsk aiitl Ben^sow. To the aast 
and south-c^t of this point, the cold of the soil increases, 
excepting at Tobolsk on the Irbisch, where the temperature 
of the soil is colder than at Witim.sk, in the vallev of the 
liOna, \Vhich lies 1° farther north, Turuchansk (G5° 54' 
!N. L.) on the Jenisei, is situated tipou an unfrozen soil, 
although it is clo.se to the limits of the ice. The soil at 
Ainginsk, south-east of Jakutsk, presents as low a tempera¬ 
ture as that of Obdorsk, which lies 5“ f irther north ; the same 
being the case with Oleminsk on the tTouisoi. From the Ob; 

to the latter river the curve formed by the limits of the 

\ 

GUfltav Rose, JReisc nach. dem Ural, Bd. i, a, 428. 

^ Compare my friend, G. vou Holmersen’a oxperimenta on the rela¬ 
tive conductive powers of dillcreiit kinds of rocks de V Academe 

de Piter^QUrg : M6^avge^ ct Cliimques, 1851, p. 32). 
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frozen soil seems to rise a couple of degrees farther north, 
after which it intersects, as it turns southward, the Lena 
valley, almost 8° south of the Jenessei. Farther eastward, 
this line again rises in a northerly direction.”" Kupffer, who 
has visited the mines of Nertshinsk, draws attention to the 
fact that independently of the continuous northern mass of 
frozen soil, the phenomenon occurs in an island-like form 
in the more southern districts, but in general it is entirely 
independent of the limits of vegetation, or of thd growth of 
timber. 

' It is a very considerable advance in our knowledge, when 
we are able gradually to arrive at general and sound cosmical 
views of the relations of temperature of our earth in the 
northern portions of the old continent j and to recognise the 
fact that under dificreut meridians the limits of the frozen 
soil as well as those of the mean annual temperature, 
and of the growth of trees, are situated .at very different 
latitudes ; AvliCTice it is obvious that continuous currents of 
heat must be generated in the interior of our planet. 
Franklin found in the north-west jiart of America that the 
ground was frozen even in the middle of August at a depth 
of IG inches, while Richardson observed upon a more eastern 
point of the coast in 71° 12' lat. that the ice-stratum was 
thawed in July as low as 3 feet beneath the hcrh-covered 
surface. Would that scientific travellers would afford us 
more general information regarding the geothermal relations 
in this part of the earth and in the southern hemisphere! 
An insight into the connection of phenomena is the most 
certain means of leading xis to the causes of apparently in¬ 
volved anomalies, and to the comprehension of that which 
we are apt too hastily to regard as at variance with ?:ormal 
laws. ^ ^ 

Middendorff, Bd. i, s. 166. Compare also s. 179. “ The curve re¬ 
presenting the commencement of the freezing of the soil in Northern . 
Asia exliibits two convexities, inclining southwards, one on the Obi, 
which is very inconsiderable, and the other on the Lena, which is much 
more strongly marked. The limit of the frozen soil passes from Ber- 
resow on the Obi, towards Turucliansk on the Jonisei, it then runs 
between Witimsk and Olekminsk, on the right bank of the Lena, and,' 
ascending northwards, turns to the east.** 
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c. Magnetic Activity of the Barth in its three Manifestations * 
of Force — Intetisity, Inclination, and Variation.—Points 
{called the Magnetic Poles), in which the Inclination is 90°. 
— Ouroes on which no Inclination is observed {Ma<jnetic 
Equator). — The Four dijferent Maxima of Intensify .— 
Qurve of weakest Intensity.—Extraordinary Disturbances of 
the Declination {Magnetic Storms).—Polar light. 

(Extension of the Picture of Nature, Cosmos, vol. i. pp. 1G9 
—197, vol. ii. pp. 717—720, and vol. iv. pp. 394—398.) 

• 

The magnetic constitution of our planet can only be 
deduced from the many and various manifestations of ter¬ 
restrial force in as far as it presents mcasui'cable relations in 
spice and time. These manifestations have the peculiar pro¬ 
perty of exhibiting perpetual variability of phenomena to a 
much liiglicr degree even than the temperature, gaseous 
admixture, and electrical tension of the lower strata of the 
atmosphere, Such a constant change in the nearly allied 
magnetic and electrical conditions of matter moreover essen¬ 
tially distinguishes the pheuoinoua of electro-magnetism 
from those which arc Influenced by the primitive funda¬ 
mental force of matter—its molecular attraction and tho 
attraction of masses at definite distances. To establish 
laws in that which is ever varying, is however the highest 
object of every investigation of a physical force. Although 
it has bceti shown by the laboni's of Coulomb and Ardgo 
that the cloctro-magnetic process may bo excited in the 
most yarious substances, it bus nevertheless been proved 
by Faraday’s brilliant discovery of diamagnetism, (by the 
differences of the direction of tho axes, whether they incline 
north and south, or east and west,) that tho heterogeneity of 
matter exerts an influence distinct from the attraction of 
masses. Oxygen gas, when inclosed in a thin glass tube, will 
show itself under the action of a magnet to bo paiumaguetic, 
inclining north and south like iron; and while nitrogen, 
hydrogen, and carbonic acid gases remain unaffected, phos¬ 
phorus, leather, and wood show tlieinselves to he diamag¬ 
netic, and arrange themselves erjuatcrially from east to west, 
voii. V. - B 
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The ancient Greeks and Romans were acquainted :with the 
adhesion of iron to the magnet, attraction and repulsion, and 
the transmission of the attracting action through brass ves¬ 
sels as well as through rings, whicli were strung together in a 
chain-like form, as long as one of the rings was kept in con¬ 
tact with the magnetand they were likewise acquainted 
with the non-attraction of wood and of all metals excepting 
iron. The force of polarity, which the magnet is able to. 
impart to a moveable body susceptible of its influence, was 
entirely ujiknown to the Western nations (Phoenicians, Tus¬ 
cans, Greeks, and Romans). The first notice wliich we meet 
with among the nations of Westci-n Eurojio of thclmowledge 
^f this force of polarity, which has exerted so important an 
influence on the improvement and extension of navigation, 
and which, from its utilitarian value has led so continuously 
to thfe inquiry after one universally diffused, although pre¬ 
viously unobserved force of nature, does not date farther back 
than the 11th and 12th t;cnturies. In the history and enu¬ 
meration of the principal ejiochs of a physical contemjila- 
tion of the universe, it has been found necessary to divide 
into several sections, and to notice, the sources from which 
we derive our knowledge of that which we have here sum- 
marily arranged under one common point of view.® 

We find that the application aiSongst the Chinese of the 
directive jKiwer of the magnet, or the use of the north and 
south direction of magnetic needles floating on the'surface of 
water, dates to au epoch which is probably more ancient 
than the Doric migration and the return of the H'eraclidae 
into the Peloponnesus. It seems, moreover, Very striking 
that the use of the south direction of the needle should Ijave 
been first apjdicd in Eastern Asia not to navigatiox Imt to 
land travelling. In the anterior pa7*t of the magnetic waggon 
a freely floating needle moved the arm an^ band of a small 
fi.gure, which pointed towards the south., An apparatus of 

this kind (called foe-nan, indicator of the southj was pre- 

« * 

_ • 

« The principal passage referring to the magnetic chain of rings 
occurs in Plato's Ion, p. 533, D.E ed. Steph. Mention has heexi made 
<rf this transmisaiou of the attracting action not only by Pliny (xxxiv 
14) and Lucretius (vi, 910), but also by Augustine {de civitette Met, 
ZS, 4) and Philo {de Mundi opificio, p. 32 D od. 1691). 

Cosmos, voL i, p. 182; voL ii, p. 628, . ‘ 
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Bented during the dynasty of the Tacheu, 1100 years before 
our era, to tho ambassadors of Tonquin and Cochin-China, 
to guide them over the vast plains, which they would have 
to cross in their homcwai’d journey. The magnetic waggon 
was used as late as the 15th centuiy of our era.®* Several 
of these waggons were carefully preserved in the imperial 
palace and were employed in the building of Buddhist mon¬ 
asteries in fixing the points towards which the main sides 
of the edifice should be directed. The frequent application 
of magnetic apparatus gradually led the more intelligent 
of the people to physical considerations regai'ding the nature 
of magnetic phenomena. The Chinese eulogist of the mag¬ 
netic needle, Kuoplio (a writer of the age of Constantine 
Great), compares, as I have already elsewhere remarked, the 
attractive force of the magnet with that of rubbed amber. 
This force, according to him, is ‘^like a breath of wind 
which mysteriously breathes through these two bodies, and 
has the property of thoroughly permeating them with the 
rapidity of an arrow.” The symbolical expression of “ breath 
of wind ” reminds us of the equally symbolical designation of 
soulj which in Grecian antiquity was applied by Thales, the 
founder of the Ionian School, to both these attracting sub¬ 
stances ; ^oul signifying here the inner principle of the mov¬ 
ing agent.®* 


Humboldt, A^ie Centrahj t. 5, p. xl—xlii, and Eocamcn CriL de 
de la G6Q[fraphie, t. iii, p. 85. Eduard Biot, who has extended 
and confirmed by hia own careful and bibliographical studies, and with 
the assistance of my learned friend Stanislas Julien, the investigations 
made by Ivlaproth in ruferenco to the epoch at which the magnetic 
needle was first used in China, adduces an old tradition, according to 
which the magnetic waggon waw already in use in the reign of the Em¬ 
peror JEloang-ti. No allusion to this tradition can, however, be found in 
tmy writers prior to tho early Christian ages. This celebrated monarch 
iff. presumed to have lived 2600 years before our era (that is to say, 
1000 years b(3fore the expulsion of the Hyksos from Egypt). Ed. Biot 
mr la direction de Vaiguille aiinant6e en Chinem iho^Comptes rendns de 
{tAcad> dee Sciences^ t. xix, 1844, p. 822. 

vol. i, p. 1S2, Ariwbotle {de Anima, i, 2) speaks only of 
tlie animation of the magnet as of an opinion that originated with 
Thales. Diogenes Laertius interj)ret8 this statement as iipplying also 
cliafcinctly to amber, for he says, “ Aristotle and Hippias maintain as to 
docbriiie enounced by Thales.” . . . The sophist Hippias of Elis, 

^ who flattered himself that he possewed universal knowledge, ocwiipied 
^mself with physical science and with the most ancient traditions of 

E 2 
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As the excessive mobility of the floating Chinese needles, 
rendered it difficult to observe and note down the indica¬ 
tions which they afforded, another arrangement was adopted, 
in their place as early as the 12th century of our era, in 
which the needle that was freely suspended in the air was 
attached to a line cotton or silken thread exactly in the 
same manner as Coulomb’s suspension which was first used - 
by William Gilbert in Western Europe. By means of this 
more j>erfect apparatus," the Chinese as early as the begin¬ 
ning of the 12th century determined the amount of the, 
westei'n variation, which m that })ortion of Asia seems only 
to midergo very inconsiderable and slow changes. From its 
iSse on land, the compass was finally adapted to maritime 
piirposes, and under the dynasty of Tsin, in the 4th century 
of our era, Chinese vessels under the guidance of the compass 
visited Indian ports and the eastern coast of Africa. 

Fully 200 years earlier, under the reign of Marcus Aurdius 
Antoninus, who is called An-tun hy the writers of the 
dynasty of ITau, Roman legates came by sea by way of Ton- 
quin to Oliina. The application of the magnetic needle to 
European navigation was however not owing to so transient 
a source of intercourse, for it was not until its use had 
become general thoughoiit the wliole of the Indian Ocean, 
along the shores of Persia and Arabia, that it was introduced- 
into the West in the 12th century, either directly through 
the influence of the Arabs or through the agency of the 
Orusadeis, who since 1096 had been brought in contact with 
Egypt and tho true Oriental regions. In historical investi¬ 
gations of this nature, we cun only determine with certainty 

the physiological school. “ The attracting breath,” which, according 
to the Chinese physicist, Kiiopho, “permeates both the and 

amber,” reminds us, according to Baschmann’s investigations into the 
Mexican language, of the aztoc name of tho mag^fet tlaihioanani tetl^ 
signifying “the atone which attracts by its breath’* (from ihioily breath, 
and awa, to di*aw or attract). 

The remarks which Klaproth has extracted from the Penthsaoyan 
regarding this singular apparatus arc given more fully in the Mung^ 
hhi-pi-than, Comptea rendua; t. xix, p. 365. We may here why, in 
thig latter treatise, as well a.s in a Chinese book on plants, it is stated 
that the cypress turns towards tho west, and, more generally, that the 
magnetic needle points towards tho south? Does this imply a more 
luxuriant development of the branches on the side nearest the Sun, or 
in consequence of the direction of the prevalent winds? 
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those epochs, which must be considered as the latest limits 
beyond which it would be impossible for us to urge our 
inquiries. In the politico-satirical poem of Guyot of Pro- 
vins, the mariner’s compass is spoken of (1199) as an instru¬ 
ment that had been long known to the Christian world ; and 
this is also the case in the description of Palestine which we 
owe to the Bishop of Ptolemais, Jaqnes do Vitry, and which 
•was completed between the years 1204 and 1215: Guided 
by the magnetic needle the Catalans sailed along the north¬ 
ern islands of Scotland as well as along the western shores of 
tropical Africa, the Basques ventured forth in search of the 
whale, and the Northmen made their way to the Azores 
(the Bracir islands of Picigano). The Spanish Leyes de las' 
Parfidas (del sahio Pexj Don Alonso el nono), belonging to 
the first half of the 13th century, extolled the miignetic 
needle as “ the true mediatrix (medianera) between the mag¬ 
netic stone (la piedra) and the north star.” Gilbert also, in 
his celebrated work I)e Magnete Physiologia Nova, speaks of 
the mariner’s compass as a Chinese invention, although he 
inconsiderately adds, that Marco Polo “qui apfld Chinas 
artem pyxidis didicit,” first brought it to Italy. As, how¬ 
ever, Marco Polo began his travels in 1271 and returned in 
1295, it is evident from the testimony of Guyot of Provins 
and Jaques de Vitry, that the comi)as3 was at all events used 
in European seas from 60 to 70 years before Marco Polo set 
forth on his journeyings. The designations zoliron and 
aphron, which Vincent of Beauvais applied in his Mirror of 
Nature to tjie southern and northern ends of the magnetic 
needle (1254), seem to indicate that it was through Arabian 
pilots that Europeans became possessed of the Chinese com¬ 
pass. These designations point to the same learned and 
industrious nation of the Asiatic peninsula whose language 
too often vainly appeals to us in our celestial maps and 
globes. 

From the remarks which I have already made, there can 
scarcely be a doubt that the general application of the 
magnetic needle by Europeans to oceanic navigation as early 
as the 12th century, and perhaps even earlier in individual 
cases, originally proceeded from the basin of the Mediter¬ 
ranean. The most essential share in its use seems to have 
belonged to the Moorish pilots, the Genoese, Venetians, 
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Majorcans, ami Catalans. The latter people, under the 
f,aiidance of their ce’ohratcd countryman, the navigator, Dort 
Jaime Fewer, penetrated, in 1346, to the mouth of the Rio* 
de Ouro (23° 40' N.L,), on the Western Coast of Africa, and', 
according to the testimony of Ilnymundua LuUus (in his 
nautical work Fcnix de las Maravillas del Orhe, 1286) the 
Barcelonians employed atlases, astrolabes, and compasses, 
Ibng before Jaime Feirer. 

The knowledge (jf the amount of magnetic variation is of 
a very early date, raid was simultaneously imparted by the 
Chinese to Indian, Malay, and Arabian seamen, through whose 
agency it must necessarily liavo spread along the shores of 
the I\tediteiTancan. This element of navigation, which is so 
indispensable to the correction of a ship’s reckoning, was then 
, determined less by the rising and setting of the sun than by 
the polar star, and in both cases the determination was very 
uncertain .; notwithstanding which, wc find it marked down 
upon charts, as for instance upon the very scarce atlas of 
Andrea Ci^ico, which was di'awn out in the year 1436. 
Columbus, who had no more claim than Sebastian Cabot, 
to' be regarded as the first discoverer of the variation of 
the magnetic needle, had the great merit of determining 
astronomically the position of a line of ho variation 21“ 
east of the Island of Corvo, in the Azores, on the 13th 
of September, 1492. He found, as he penetrated into the 
western, part of the Atlantic Ocean, that the variation 
passed gradually from north-east to north-west. This obser¬ 
vation led him to the idea, which has so much occupied navi¬ 
gators in later times, of finding the longitude by the position 
of the curves of variation Avhieh he still imagined to be 
parallel to the meridian. We learn from his ship’s log, that 
vvhen lie was uncertain of his position diijing his' second, 
voyage (1496), he actually ondeavoui’ed to steer his way 
observing the declination. The insight into the possibility 
of such a method was undoubtedly that uncommunicablo 
secret of longitude, which Sebastian Cabot boasted on his 
deathbed of having acquired through special divine mani¬ 
festation. 

The idea of a curve of no declination in the Atlantic wasr 
associated in the easily excited fancy of Columbus ■'with ' 
other somewhat vague views of, alterations of climate, of an 
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anomalous configuration of the earth, and of extraordinary 
motions of the hoavculy bodies, hi which lie found a motive 
for converting a physical into a political boimdary line. 
Thus the raya, on which the agujas de marear point directly 
to the polar star, became the line of demarcation between the 
kingdoms of Portugal and Castille; and from tlie importance 
of determining with astronomical exactness the geographical 
.length of sucli a boundary in both hemisjiheres, and over 
every part of the earth’s surface, an aiTOgant Papal decree, 
although it failed in efiecting this aim, nevertheless exerted a 
beneficial effect on the extension of astronomico-nautical 
science and on the improvement of magnetic instruments. 
(Humboldt, JSxnmen Crii. de la Geog., t. iii, p. 54.) Felipe* 
Guillen, of Seville, in 1525, and probably still earlier, the 
cosmographer Alonso de Santa C'.n,iz, teacher of mathematics 
to the young Emperor Charles V., constructed new variation 
compasses by which solar altitudes could be taken. The latter 
in 1530, ami therefore fully 150 years before Halley, drew 
up the first general variation chart, although it was certainly 
based upon very imperfect materials. We m.ay form some 
idea of the interest that had been excited in reference to ter¬ 
restrial magnetism in the IGtb century, after the death of 
Columbus, and during the contest regarding the line of 
demarcation, when we find that Juan Ja.yme made a voyage 
in 1585, with Francisco Cali, from the Philippines to Aca- 
])ulco, for the sole purpose of testiug by a long trial in the 
South Sea a Declinatorium of his own invention. 

Amid this generally diffused taste for })raclical observation, 
we tyace the same tendency to theoretical speculations which 
always accompanies or even more frequently precedes the 
former.* Many old traditions current amongst Indian and 
Ax’abian sailors, speak of rocky islands which bring death and 
destruction to the hapless mariner, by attracting through 
their magnetic force all the iron which connects together the 
planks of the ship, or oven by immoveably fixing the entire 
vessel. The effect of .such delusions as these was to give rise 
to a conception of the concurrence, at the poles, of lines of 
ma^etic variation, represented materially under the image 
of a high mametic rock lying near one of the poles. On the 
I’emarkable chart of the New Continent, which Was added to 
the Latin edition of 1508 of the Geography of Ptolemy, we 
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find that north of Greenland (Gruenllant), which is repre¬ 
sented as belonging to the eastern portion of Asia^ the north 
magnetic pole is depicted as an insular mountain. Its 
position was gradually marked as being farther south in the 
Breve Compendio de la Spheray by Martin Cortez, 1545, as 
well as in the Oeographia di Tolomeo of Liveo Sanuto, 1588. 
The attainment of this point, called el calamiticOy was asso¬ 
ciated with great expectations, since it was supposed in 
accordance with a delusion, which was not dissipated till 
long afterwards, that some miracAiloso ^tupendo ejfelto wotJd 
be experienced by those who reached it. 

Until towards the end of the IGth century, men occupied 
themselves only with those phenomena of vai'iation which 
exerted a direct influence on tlie ship’s reckoning and the 
determination of its place at soa. Instead of the one line of 
no variation, which had been found by Columbus in 1492, 
the learned Jesuit Acosta, who had been instructed by Por¬ 
tuguese pilots (1589) exjiressed the belief in his admirable 
Ilistoria Natural de las Indias that ho was able to indicate . 
four such lines. As the ship’s reckoning, together with the 
accurate determination of the direction (or of the angle 
measured by the corrected compass) also requires the distance 
the sl}ip had made, the introduction of the log, although this’ 
mode of measuring is even at the present day very imperfect, 
nevertlicless marked an important epoch in the history of 
navigation, I believe that I have proved, although contrary 
to previously adopted opinions, that the first certain evidence 
of the use of the log (la cadena de la popa, la corredera) 
occurs in the journal Avhich was kept by Antonio Pigafetta 
during the voyage of Magellan, and which refers to th^ 
month of January, 1521. Columbus, Juan de la Cosa, So- 

CosmoSj vol. ii, pp, CBl—634. In the time of Kftg Edward III. of 
England, when, as Sir Harris Nicolas {History oj the Royal Nary^ 
1847, vol. ii, p. 180), has shown, ships were guided by the compass, 
which was then called the saihtone dial, sailing needle, or adamant, wo 
find it expressly stated in the accounts of tho expenses for equipping tlae 
king’s ship, The George,” in the year 1345, that sixteen hour-gloe^a 
had been bought in Flaudeia; this statement, however, is by no means 
a proof of the use of the log. The amjpolletas (or hour-glasses) of the 
Spaxiiards were, as we most plainly find from tho statements of Enciso 
ill Cespides, in use long before the introduction of tho log, “echando 
puuto por fantasia in la corredera de los perezosos/’ 
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bastian Cabot, and Vasco de Gama, were not acquainted 
with the log and its mode of application, and they estimated 
the ship’s speed merely by the eye, while they found the 
distance they had made by the running down of the sand in 
the glasses known as ampolletas. For a considerable period 
the horizontal declination from the north pole was the only 
element of magnetic force that was made use of, but, at 
length (in 1576), the second clement, inclination, began to be 
first measured. Robert Norman was the first who deter¬ 
mined the inclination of the magnetic needle in London, 
which he noted with no slight degree of accuracy by means 
of an inclinatorium, which he had himself invented. It was 
not until 200 years afterwards, that attempts were made to 
measure the third element, the intensity of the magnetic 
terrestrial force. 

About the close of the IGth century, William Gilbert, a 
man who excited the admiration of Galileo, although his 
merits were wholly unappreciated by Bacon, first laid down 
comprehensive views of the magnetic force of the earth.”* 
He clearly distinguished magnetism from electricity by their 
several effects, although he looked upon both as emanations 
of one and the same fundamental force, pervading all mattei*. 
Like other men of genius, he had obtained many happy 
results from feeble analogies, and the clear views which he 
had taken of terrestrial magnetism (de magno magnete 
tellnre) led him to ascribe the magnetisation of the vertical 
iron rods on the steeples of old church towers to the effect 
of this force. He, too, was the first in Europe who showed 
that iron might bo rendered magnetic by being touched witli 
the magnet, although the Chinese had been aware of the fact 
nearly 500 years before him.”® Even then, Gilbert gave 

Cosmos^ vol, i, p. 170. Calamitico was tlio name given to these 
instruments in consequence of the first needles for the compass 
having been made in the shape of a frog. 

See Gilbert, Physiologia Nova de Magnete^ lib. iii, cap, viii, p. 124, 
Even Pliny (Cosmos, vol. i, p. 170), remarks generally, without, how¬ 
ever, referring to the act of touching, that magnetism may be im¬ 
parted for a long period of time to iron. Gilbert expresses bimself as 
follows in. reference to the vulgar opinion of a magnetic mountain :— 
** vulgaris opinio de montibus magneticia aut rupe aliqna magnetic<a, de 
polo phanbistico a polo mundi diatante” (1. c. p. 42—98), The variation 
and advance of the magnetic lines were entirely unknown to him, 
Varietaa uniuscuj usque loc^constaus est’* (1. c. 42, 98, 152, 153. 
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steel the prcfei'cncc over soft iron, because the former has the 
power of more permanently retaining the force imparted to 
it, and of thus becoming for a longer time a conductor of 
magnetism. 

In the course of the 17th continy, tlie navigation of the 
Nethevlandcrs, Jhitish, Spaniards and h^rench, whicli had 
been so whlcly extended by more ])errect methods of deter¬ 
mining the direction and length of the ship’s course, increased 
the knowlo<lge of those lines of no variation which, as 1 have 
already remarked, Fatlier Acosta had ciidcavouvod to reduce 
into a system,®® Conudius van Scluaiteii indicated, in IG16, 
points lying in the midst of Ihti Paeitic and south-east of 
tliQ, Jlai-quesas Islands in which the variation was null. 
Even now i-Iicre lies in this region a singular, closed system 
of isogonic lines, in which ovei*} group of (he internal con¬ 
centric curves inclicatcs a smaller amomit of variation.®^ 
The cjnulatioii which was oxhiliitetl in trying to hud niet]i(»ds 
for deteruuiiing longitiidi^s, not only by means of the varia¬ 
tion, but also by tlic iiiclinatiou (which wlien it was oljscTved 
under a cloudy starless sky, ac?'G Avas said by 

Wright to be “ wortJi much gold”) led to the mulfcipTitjation 
of instruinents for magnetic observations, while it tendcHl at 
the same time to inci’easc the activity of tlio observers. The 
Jesuit Cabens of Eiuaura, liidhy, Lientaud (Ifib^), aud 
Henry Bond (167G), distjnguir:)bed themselves in this nuinner. 
Indeed, the contest b(*tw(a.‘ii the latter and BecklxuTOW, 
together with Acosta’s view that tliere were four lines of no 
variation Avl)ieh divided tlie outing sin face of the earfcli, may 
very probably liave had some influence on the tlu'iory, ad¬ 
vanced in 1083 by Halley, of four magnetic poles or points 
of convergence, * 


^ Historla Naturaldclm lib^ i, cap, 17. ^ 

CosmoHj vol. i, p. 175. 

In the very careful observations of inclination which I made on the 
Pacific, I demonstrated the conditions under wLicIi an acquaintance 
with the amount of the incliii.ition may be of important practical 
utility in the determination of tlio latitude duiing the prevalence, on 
the coasts of Peru, of the Garua, when both the sun and stars are ob¬ 
scured {Cosmos, vol. i, p. 173). The Jesuit, Cabeus, author of the Phir 
loto^hia Magiietlca (in qua nova quaedam pyxis explicatur, qua) 
devationem ubique demonstrat), drew attention to this fact during the 
first half of the 17th century. 
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TTallcy is identified -with an important epocfi in the history 
of terrestrial magnetism. He assumed that there was in 
each hemisphere a magnetic pole of greater and lessejr 
intensity, consequently four ])oints with 90^ inclination of 
' the needle^ precisely as avc now find among the four points of 
greatest intensity an analogous inequality in the maximum 
of ijitensity for each heiuisplioro, that is to say, in the 
rapidity of the oscillatioTis of the needle in the direction of 
tlui magnetic meridian. The polo of greatest intensity was 
situated, according to Halley, in 70"" S.L. I:i0° east of 
(Jroenwich, and therefore almost in the meridian of King 
George’s Sound in New Holland (Hiiyts Land)/'^ Halley’s 
tlu'ce voyages, which were made in the years 1698, 1G9S, 
and 1702, were uiKlertalren with the vtgav of elaborating a 
theory which must liave owed its origin solely to the earlier 
voyage which ho had made seven years before to 8t. Helena, 
ami to the impiu'feot observations of variation made by 
Hafilii, lIudsDn, and Corneiins van S^cliouten. These were 
the iu’st ex})edihions wlucliwero equipped by any government 
for the establishment of a gre^at scientific obji^ct—that of 
observing one of the elements of terrestrial force on which 
the, safety of navigation is ('S])ecially dependoit. As Halley 
penetrated to south of tlic equatox-, ho was able to 
construct tl ]o first circiim stan tial variation chart, which 
alFords to the theoretical laboui’s of the 19th century a point 
of comparison, althougli ciatoinly not a very remote one, of 
the advancing moveiucnt of the curves of variation. 

Halley’s attempt to combiuo grapliically together hy lines 
difieixmfc points of equal variation was a very happy one,^^ 
since it has given us a comprehensive and clear insight mto 
the connection of the results already accumulated. My iso¬ 
thermal lines (tliat is to say lines of equal heat or mealx 
annual summer and winter tcmperatiu'e), which were early 

Edmund Ilalloy, in the Philos, Transact, for 1683, voL xii, Ko. l48, 

p. 216. 

Lines of this kind, which he called iracins chahjhoditico3\ were 
mai'ked down upon a chart by Father Cliristophcr Burrus, in Lisbon, 
and offered by him to tho King of Spain for a large sum of money; 
these lines being drawn for the purpose of showing and determining 
longitudes at sea. See Kircher-'s Magnes, ed. 2, p. 443, The first varia- 
tion cJinrt, w^hich was made in 1530, has already been rcfeiTed to in tha 
text (p. 55). 
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received with much favour by physicists, have been formed 
on a similar plan to Halley’s isogonic curves. These lines, 
especially since they have been extgidcd and greatly im- 
j)roved by Dove, arc intended to afford a clear view of the 
distribution of heat on the earth’s surface, and of the princi¬ 
pal dependence of this distribution on the form of the solid 
and fluid jiarts of the earth, and the reciprocal position of 
continental and oceanic masses. Flalley’s purely scientific 
expeditions stand so much the more apart from others, since 
they were not, like many later expeditions, fitted out at the 
expense of the Government with the object of making geo¬ 
graphical discoveries. In addition to the results which they 
have yielded in respect to terrestrial magnetism, they were 
also the means of aflbrding us an imi»ortant catalogue of 
southern stars as the fruits of Halley’s earlier sojourn in the 
Island of St. Helena in the years 1677 and 1678. This 
catalogue was moreover the first that was drawn up after 
telescopes had been combined, according to Morin’s and 
Gascoigne’s methods, with instruments of measurement.®* 

As the 17th century had been distinguished by an 
advance in a more thorough knowledge of the position 
of the lines of variation, and by the first theoretical 
attempt to determine their points of convergence, viz. th'e 
magnetic poles, the 18th century was characterised by 
the discovery of horary periodical alterations of variation. 
Graham has the incontestable merit of being the first to 
observe (London, 1722) these hourly variations with accuracy 
and persistency, Celsius and Hiorter in Upsiila,®* who main¬ 
tained a correspondence with him, contributed to the exten¬ 
sion of our knowledge of this ]dienomonon. Brugmans, and 
after him Coulomb, who was endowed with higher mathe¬ 
matical powers, entered profoundly into the nature of ter- 

Twenty yearn after Halley had drawn up his catalogue of aouthem. 
stars at St. Helena (which, unfortunately, included none under the 
sixth magnitude) Hevelius boasted, in his Firmamentum, Sohesclanum, 
that he did not employ any telescope, hut observed the heavens through 
fissures. Halley, who, during his visit to Dantzic in 1679, was present 
at these observations, praises their exactness somewhat too highly* 
Co&moSf vol. iii, p. 52. 

Traces of the diurnal and horary variations of the magnetic force 
had been observed in London as early as 1634, by Hellibrand, and ia 
Siam, by Father Tacbard, in 1682. 
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resirial magnetism (1784—1788). Their ingenious physical 
experiments embraced the magnetic attraction of all matter, 
the local distribution of the force in a magnetic rod of a 
given form, and the law of its action at a distance. In order 
to obtain accurate results, the vibrations of a horizontal 
needle suspended by a thread, as well as deflections by a 
torsion balance, were in turn employed. 

The knowledge of the difference of intensity of ter¬ 
restrial magnetism at different points of the earth’s surface 
by the mea.surement of the vibrations of a vertical needle 
in the magnetic meridian, is due solely to the ingenuity 
of the Chevalier Borda; not from any series of specially 
successful experiiifients, but by a process of reasoning, and 
by the decided influence which ho exeided on those who 
were equipping themselves for remote expeditions. Borda’s 
long cherished conjectures wci'c first confirmed by means 
of observations made from the year 1785 to 1787, by 
Lamanon, the companion of La Perouse. These results 
remained unknown, unheeded, and luipublished, although 
they had been communicated as eai’Jy as the summer 
of the last-named year to Condorcet, the Secretary of the 
Academic des Sciences. The first, and therefore cer¬ 
tainly an imperfect knowledge of the important law of the 
variability of intensity in accordance with the magnetic 
latitude, belongs undoubtedly” to the unfortunate but scien¬ 
tifically equijqjcd expedition of La Perouse; but the law 
itself, as 1 rejoice to think, was first incorporated in science 
by the publication of my observations, made from 1798 to 
1804, in the south of France, in Spain, the Canary Islands, 
the interior of tropical America both north and south of the 
equator, and in the Atlantic and Pacific Oceans. The* suc¬ 
cessful expeditions of Le Gentil, Feuillee, and Lacaille; tho 
first attempt made by Wilkd", in 17G8, to construct an incli¬ 
nation chart; the memorable circumnavigations of Bougain¬ 
ville, Cook, and Vancouver, have all tended, although by the 

Cosmos, vol. i, pp. 179—181. The admirable construction of the 
inclination compass made by Lenoir, according to Borda’s plan, the pos¬ 
sibility of having long and free oscillations of the needle, tho much 
diminished friction of the pivots and tho correct adjustment of instru¬ 
ments .provided with scales, have been the means of enabling us accu¬ 
rately to measure tbe amount of tho terrestrial force in different zones. 
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help of instruments possessing very unequal degrees of exact-' 
ness, to establish the previously neglected, but very impottant 
element of inclination at various intervals of time, and at 
many different points; tlie ol)scrv5tions being made more at 
sea and in the immediate viciiiitv of the ocean than in the 

V 

interior of continents. Towards tiie close of the 18th 
century, the stationaiy ohservations of declination which 
■were made by Cassini, Gilpin, and Beanfoy (from 1784 to 
1790), with more perfect instruments, showed definitely that 
there is a periodical influence at different hours of the day, 
no less than at diflorent seasons of the year,—a discovery 
which imparled .a new sLiimdus to magnetic investigations. 

« In the 19th century, half of which has now expired, this 
increased ai;tivity has assumed a special character differing 
from any that has preceded it. We refer to the almost 
simultaneous advance that has been made in all branches of 
the theory of terrestrial magnetLsm, comprising the numerical 
determination of the intensity, inclination and variation of 
the force ; in physical discoveries in respect to the excitation 
and the amount of the distribution of magnetism ; and in 
the first and brilliant suggestion.^ of a tboory of terrestrial 
magnetism, wliich lias been based by its founder, Friedrich 
Gauss, upon strictly matliematical comhination.s. The means 
which have led to these results are improvements in the 
instruments and methods employed • scientific mari time 
expeditions, which in number and magnitude have exceeded 
those of any other century, arid which liave boeu carefiiHy 
equipped at the expeu.so of their respective Governments, 
and favoured by the happy choice both of the commandera 
and of the observers who have accomjjanied them; and 
various expeditions by land, which having penetrated far 
into the interior of continents, have been able to elucidate 
the phenomena of terrestrial iJiagneti.sin, alld to establish 
large number of fixed stations, situated in both hemispheens 
in corresponding north and south Latitudes, and often in 
almost opposite longitudes. These observatories, which are 
both magnetic and meteorological, form as it were a net¬ 
work over the earth’s surface. By means of the ingenious, 
combination of the observations which have been published 
at the national expense in Russia and England, important 
and unexpected results have been obtained. Tl^e estab|»hc 
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ment of a law regulating the manifestation of force which is 
a ■proximate, although not the ultimate, end of all investiga¬ 
tions, has been satisfactorily effected in many individual 
phases of the phenomeiion. All that hfts been discovered by 
means of physical experiments concerning the relations 
which terrestrial magnetism bears to excited electricity, to 
radiating heat and to light, and all that we may assume in 
reference to the only lately generalised phenomena of dia¬ 
magnetism, and to that specific property of atmospheric 
oxygen—polarity—opens at all events the cheering prospect, 
that we are drawing nearer to the actual nature of the 
magnetic force. 

jn order to justify the praise which we have generally ex¬ 
pressed in reference to the magnetic labours of the first half 
of our century, I will here, in accordance with the nature 
and form of the present work, briefly enumerate the principal 
sources of our information, arranging them in some cases 
chronologically, and in others in groujjs. •* 

1803—1806. Krusenstem’a voyage round the world Q 812) / 
the magneticand astronomicalportion was by Horner fBd. iii, 
s. 317). 

1804. Investigation of the law of tbe increase in the in¬ 
tensity of terrestrial magnetic force from the magnetic 
equator northward and southward, based upon observations 
m^ade from 1799 to 1804. (Humboldt, Vo'^tige aux Regions 
JSquinoxiales du Monveau Continent, t. iii, pp. G16—^623; 
Lamethcric, Journal de Rhifsique, t. Ixix, 1804, p. 433 ; the 
first sketch of a’ chart showing the intensities of the force. 
Cosmos, Vol. i, p. 179). Later observations have sliown that 
the minimum of the intensity docs not correspond to the 
magnetic equator, and that the increase of the intensity 
in both hemispheres does not extend to the magnetic pole. 

1805—1806. Gay-Lussac and Humboldt, Observations of 
Intensity in the south of France, Italy, Switzerland, and 
Germany. Memoires de la Soeiete d'Arcueil, t. i, pp. 1—22. 
Oompare the obseiwations of Quetelet, 1830 and 1839, with a 

The dates with which the following tahlo begins (a.s, for instance, 
from 1803—180C) indicate the epoch of the observation, while the 
ilgurea which are marked iu brackets, and appended to the titles of the 
works, indicate tlio date of their publication, which was frequantJly 
mueh later. 
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Carte de I'intensilS magnetique horizontale entre Paris et 
Ifaplcs," in the Mem. de VAcad. de Bruxelles, t. xiv; the 
observations of P<^es in Germany, Flanders, and Italy ia 
1832 and 1837 {^ansact. oftheBoyalSoc.qf JEdinburgh, 
vol. XV, p. 27); the extremely accurate observations of Rud- 
berg in France, Germany, and Sweden, 1832 j the observa¬ 
tions of Dr. Bache (Director of the Coasts’ Survey of the 
United States), 1837 and 1840, at 21 stations both in refer¬ 
ence to inclination and intensity. 

1806—1807. A long series of observations at Berlin on 
the horary variations of declination and the recun’cnce of 
magnetic storms (perturbations) by Humboldt and Oltmanns, 
rfiainly at the periods of the solstices and equinoxes for 5 
and 6, or (jven sometimes 9 days, and as many nights conse¬ 
cutively, by means of Prony’s magnetic telesco 2 )e which 
allowed arcs of 7 or 8 seconds to be distinguished. 

1812. Morichini, of Rome, maintained that non-magnetic 
steel-needles become magnetic by contact with the violet 
rays of light. Regarding the long contention excited by this 
assertion and the ingenious experiments of Mrs, Somer¬ 
ville, together with the wholly negative results of Riess and 
Moser, see Sir David Brewster, Treatise on Magnetism, 1837, 
p. 48. 

1.81 j 1818.1 circumnavigation voyages of Otto 


1823 


—1818.1 . 
—1826. J 


von Kotzebue, the first in the Ruric, the second, five years 
later, in the Predprijatic. 

1817—1848, The series of great scientific maritime expe¬ 
ditions equipped by the French Government, and which 
yielded such rich results to our knowledge of terrestrial 
magnetism ; beginning with Frcycinet’s voyage in the cor¬ 
vette Uranie 1817—1820, and followed by Duj^en'ey in the 
frigate La Coquille 1822—1825, Bougainvifle in the frigate 
Thetis 1824 —1826, Dumont d’Urville in the Astrolabe 
1826 — 1829, and to the south pole in the Zel6e 1837—1840,' 
Jules De Blosscvillc to India 1828 (Herbert Asiat. Be* 
searches, vol. xviii, p. 4, Humboldt, Asie Gent. t. iii, p, 468), 
and to Iceland 1833, (Lottin, Vog. de la Becherche 1836, 
pp. 376—409), du Petit Thouars with Tessah in the Venus 
1837—1839, le Vaillant in the Bonite 1836—1837, the 
voyage of the “Commission scientifique du Nord” (Lottin, 
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Bravaia Martins, Siljcstrom) to Scandinavia, Lapland, thje 
Faroe Islands, and Spitzbergen in the corvette la Recherche 
1835—1840, B4rard to the G\ilf of !^xico and North 
America 1838, to the Cape of Good E^e and St. Helena 
1842 and 1846 (Sabine in the Phil. Transact, for 1849, 
pt. ii, p. 175), and Francis de Castlonau, Voy. dans les 'parties 
centrales de VAmtrique du Sud 1847—1850. 

1818— 1851. The aeries of important and adventurous ex¬ 
peditions in thcArcticRolar Seas through the instrumentality 
of the British Government first suggested by the praise¬ 
worthy zeal of John Barrow; Edward Sabine’s magnetic and 
astronomical observations in Sir John Ross’s voyage to Davis 
Straits, Baffin’s Bay, and Lancaster Sound in 1818, as well as 
in Parry’s voyage in the Hecla and Griper through Barrow 
Straits to MelviUe Island 1819—1820; Franklin, Richard¬ 
son, and Back 1819—1822, and ag.iin from 1825—1827, 
Back alone from 1833—1835, when almost the only food 
that the expedition could obtain for weeks together was a 
lichen, Gi/rophora p ustulata, the “ Tripe de Roche ” of the 
Caliadian hunters, which has been chemically analyzed by 
John Stenhouse in the Phil. Transact-for 1849, j»t, ii, p, 393 ; 
Parry’s second expedition with Lyon in the Fury and Hecla 
1821—1823 ; Parry’s third voyage with James Ross 1824— 
1825 ; Pairy’s fourth voyage when he attempted with Lieu¬ 
tenants Foster and Crozier to penetrate northward from 
Spitsbergen on the ice in 1827, when they reached the lati¬ 
tude 82'45'; John Ross, together with his accomplished 
nephew James Ross, in a second voyage undertaken at tho 
expense of *Felix Booth, and which was rendered the more 
perilous on account of jirotracted detention in the ice, namely 
from 1829 to 1833 ; Dease and Simpson of the Hudson’s 
Bay Company 1838—1839 ; and more recently, in search of 
Sir John Franklin, the expeditions of Captains Ommanney, 
Austin, Penny, Sir John Ross, and Phillips 1850 and 1851. 
'rhe expedition of Captain Penny reached the northern lati¬ 
tude of 77° 6^ Victoria Channel into which Wellington 
Channel opens. 

1819— 1821. Bellinghausen’s voyage into the Antarctic 
Ocean. 

1819. The appearance of the great work of Hanstcen On 
the Magnetism, oj the Parth, which, however, was completed 

Yoi,.'v. r 
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as early as 1813. This work has exercised an iindoubteil 
influence on the encoui-ageinent and better direction of geo^ 
magnetic studies, it was followed by the author’s general 
charts of the curves of equal inclination and intensity for a 
cousid(*rable part of the earth’s surface. 

1819. The observations of Admirals Roussiu and Givry 
on the Brazilian coasts between the mouths of the rivers 
Marauon and La Plata. 

1819— 1820. Ousted made the gicat discovery of the fact 

that a conductor that is being tiMversed by a closed elec¬ 
tric cuirent, exerts a definite action upon the direction of 
the magnetic needle accoi'ding to their relative positions, 
and as long as the cun-ent continues uninterrupted. The 
earliest extension of tliis discovery (together witli that of 
the exhibition of metals from the alkalies and that of the 
two kinds of polarization of light—probably the most bril¬ 
liant discovery of tlie centuiy—)®* was due to Arngo’s observ¬ 
ation, that a wile, through which an electrical current is 
[lassing, even when made of copper or platinum, attracts 
and liolds fast iron filings like a magnet, and that needles 
introduced into the interior of a galvanic helix become 
altcinately cliarged by the opposite magnetic poles in ac¬ 
cordance with the reversed direction of the coils {Ann, de 
Chim, et de t. xv, p. 93), The discovery of these 

phenomena, which were exhibited under the most varied 
modifications, was tollowcd by Ampere’s ingenious theore¬ 
tical combinations regaicUng the alternating clcctro-magnetic 
actions of the molecules of ponderable bodies. These com¬ 
binations were confirmed by a series of now and highly 
ingenious instruments, and led to a knowledge of the laws 
of many hitherto apparently contradictory phenousena of 
magnetism. 

1820— 1824. Ferdinand von WranEfel’s and Anjou’s ex¬ 
pedition to the north coasts of Siberia and to the Frozen 
Ocean, (Important phenomena of polar light, see th. ii, 
s. 259.) 

1820. Scoreshy’s Account of the Arctic ^Regions j experi¬ 
ments of magnetic intensity, vol. ii, p. 537—554. 

1821. Seebeck’s discovery of thermo-magnetism and 

® Malus’s (1808) and Arago’s (1811) ordinary and chromatio polarl* 
zation of Light. See Comes, voL ii, p. 715. 
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thcmio-electriclty. Tlie contact of two unequally warmed 
metals (especially bismuth and copijcr) or differences of tem¬ 
perature in the individual parts of a homogeneous metallic 
ring, were recogni&cd as sources of the production of mag¬ 
neto-electric currents. 

1821— 1823. Weddell’s voyage into the Antarctic Ocean 
as far as lat. 74° 15'. 

1822— 1823. Sabine’s two important expeditions for the 

accurate determination of the magnetic intensity and the 
L ngth of the pendulum in different latitudes (from the east 
toasts of Africa to the equator, Brazil, llavannab, Green- 
Lind as far as lat. 74° 23', Noiway and Spitzbergen in lat. 
79° 50'). The results of these very comprehensive operations 
were first published in 1824 under the title of o/* 

JSxperiments to determine the Figure of the Earth, jip. 400 
—509. 

1824, Brikson’s Magnetic Observations along the shores 
of the Baltic. 

1825. Arago discovers Magnetism of Fotation. The firat 
suggestion that led to this unexpected discovery was 
afforded by hi.s observation on the side of the hill in Green¬ 
wich Park of the decrease in the duration of the oscillations 
of an inclination needle by the action of neighbouring non¬ 
magnetic substances. Tn Arago’s rotation experiments, the 
oscillations of the needle were affected by water, ice, glass, 
charcoal, and mercury 

1825— 1827. Magnetic Observations by Boussingault in 
different p^rts of South America (Marmato, Quito). 

1826— 1827. Ob.servations of Intensity by Keilhau at 20 
stations (in Finmark, Spitzbergen, and B(‘ar Island), by 
KeilhEfli and Boeek in Southern Germany and Italy (Schum. 
Astr. Nachr. No. 146). 

1826—1829. Admiral Lutke’s voyage round the world; 
the magnetic part was most caretully prepared in 1834 by 
Lenz (see Fartie Nantique du Voqage, 1836). 

1826— 1830. Captain Philip Parker King’s Observations 
in the southern portions of the eastern and western coasts 
of South America (Brazil, Monte Video, the Straits ot 
Magellan, Chili, and Valparaiso). 

1827— -1830. Quetelet, Etat du Magnetisme Terrestre 

^ Cosmos, vol. i, p. 172. 

F 2 
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{Sntxelles) pendant douze annees. Very accurate observa¬ 
tions. 

1827. Sabine, On the determination of the relative inten¬ 
sity of the magnetic terrestrial force in Paris and London. 
An analogous comparison between Paris and Christiana was 
made by Hansteen in 1825—1828 {Meeting of the British 
Association at Liverpool 1837, pp. 19—23). The many 
results of intensity, which had been obtained by French, 
English, and Scandinavian travellers, now first admitted of 
being brought into numerical connection with oscillating 
needles, which had been compared together at the three 
above-named cities. These numbers which could therefore 
liow be established as relative values were foimd to bo for 
Paris 1.348, as determined by myself, for London 1.372 
by Sabine, and for Christiana 1.423 by Hansteen. They 
aU refer to the intensity of the magnetic force at one 
point of the magnetic equator (the curve of no inclination) 
which intersects the Peruvian Cordilleras between Micui- 
pampa and Caxamarca, in south latitude 7° 2' and western 
longitude 78"' 48', where the intensity was assumed by 
myself as = 1.000. This assumed standard (Humboldt, 
Becueil (TObserv. Asfr. vol. ii, p. 382—385, and Voyage aux 
Regions Equin., t. iii, p. 622) formed the basis, for forty 
years, of the reductions given in all tables of intensity (Gay- 
Lussac in the Mem. de la Societe d'Arcueil, t. i. 1807, p. 21; 
Hansteen, On the Magnetism of the Earth, 1819, p. 71 ; 
Sabine, in the Rep. of the British Association at Liverpool, 
pp. 43—58). It has, however, in recent times J)een justly 
objected to on account of its want of general applicability, 
because the line of no inclination^* does not connect together 

^ “ Before the practice waa adopted of determining absohUe values, 
the most generally used scale (and Mrhich still continues to be very fre** 
quently referred to), was founded on the time of vibration, observed by 
Mr. de Humboldt, about the commencement of the present century, at a 
station in the Andes of South Amoiica, where the direction of the dipping 
, needle was horizontal, a condition which waa for some time erroneously 
s\ippoBed to be an indication of the minimum of magnetic force at the 
eartli'a surface. From a comparison of the times of vibration of Mr* de 
Humboldt’s needle in South Ameiica and m Paris, the ratio of the 
magnetic force at Paris to what was sup^iosed to be its miiiimuili waa 
inferred (1.348), and from the results so obtained, combintud with a 
similar coraparisou made by myself between Paris and London, in 1827, 
with sesreral magnets, tho ratio of the force in London to that of Uir. 
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the pomtsof feeblest intensity (Sabine, in the Fhil. Transact, 
for 1846, pt. iii, p. 254, and in the Manual of Scient. Inquiry 
for the use of the British Navy, 1849, p. 17 h 

1828—1829. The voyage of Hansteen and Due; Magne¬ 
tic observations in European Russia and in Eastern Siberia 
as far as Irkxitsk. 

1828—1830. Adolf Erman’s voyage of circumnavigation, 
with his journey through Northern Asia, and his passage 
across both oceans, in the Russian frigate Krotkoi. The 
identity of the instruments employed, the uniformity of the 
methods and the exactness of the astronomical determina¬ 
tions of position will impart a peimanent scientific reputa¬ 
tion to this exi>edition, which was equipped at the expense 
of a private individual, and conducted by a thoroughly well- 
informed and skilful observer. See the general declination 
Chart, based upon Erman’s observations in the Jteport of the 
Committee relut. to the Arctic Expedition, 1840, pi. 3. 

1828—1829. Humboldt’s continuation of the observations 
begun in 1800 and 1807, at the time of the solstices and 
equinoxes rcgartliug horary declination and the epochs of 
extraordinary perturbations, carried on in a magnetic pavi¬ 
lion specially erected for the purpose at Beilin, and provided 
with one of Gambey’.^ compasses. Corresponding measure¬ 
ments were made at St. Petersburgh, Nikolajew, and in the 
mines of Freiberg, by Professor Reich, 227 feet below the 
surface of the soil. Dove and Riess continued these observa¬ 
tions in reference to the variation and intensity of the 
horizontal jnagnetic force till November 1830 (Poggend. 
Annalen. Bd. xv, s. 318—336; Bd, xix, s. 375—391, with 
16 tab.; Bd. xx, s. 545—555). 

1821f—1834. The botanist David Douglas, who met his 
death in Owhyhee, by falling into a trap in which a wild 
bull had previously been caught, made an admirable scries of 

de Humboldt’s original station in South America has been inferred to 
be 1.872 to 1.000. Ihis is the origin of the number 1.372, which has' 
been generally employed by British observers. By ahsohUe measnre- 
t ments we are not only enabled to compare numerically with one 
another the results of experiments made in the most distant parts of 
the globe, with apparatus not previously compared, but we also furnish 
the means of comparing hereafter the intensity which exists at the pre¬ 
sent epoch, with that which may be found at future periods." Sabine, 
la the Manml/or the use of the British Navy, 1649, p. 17. 
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observations on declination and intensity along the nojrth- 
west coast of America, and upon the Sandwich Islands as 
far as the margin of the crater of Kiraueah (Sabine, Bep, of 
the meeting of the liritinh Association at Liverpool, pp. 27 
—32). 

1829. Knpffer, Yoyage an Mont Elbrouz dans le Caucase, 


pp. 68—115. 

1829. Ifnmboldt’s mamietic obsei'vations on terrestrial 
magnetism with the simidtaneo\is astronomical detenuiu.i- 
tions of position hi an expedition in Nortbeni Asia under¬ 
taken hy coiniuaiid of the Emperor Nicholas, between the 
longitudes 11^" 3' and SO 12 (*ast of Paris, near the Lake 
jDzaisan as well as between the latitudes of 45^ 43' (tlie 
island of Biiutsclucassa in tlu' Cas])i;in Sea) to 58'’ 52' ni 
the northern parts of the Ural district near Werchoturie 
{Asie Centrale^ t. iii, p)>. 440—478). 

1829, T1 le luijiei'ial Academy of Sciences at St. Peters- 
burgh, acceded to Humboldt's stiggostion for the establish¬ 
ment of magnetic and meleorological stati<iu.s in the diffeixsiit 
climatic zones of Euro[X‘uu ami Asiatic Russia, as well as for 
the erection of a physical cential observatory in the capital 
of the empire under the efficient scientific direction of Pro¬ 
fessor Knpffer. (See Cosmos^ vol. i, ]>, 184. Ku])ffer Hap- 
port adre^sse a VAcmL de 8V. l^cter^bourg relalif d VObscr- 
vatoire physique ventral^ fonde aupres du Corps des 3fineSj 
in Schum. Astr, Nadir. No. 72G j and in his Annales May- 
netiqiies, p. xi ) Through the continued patronage, which the 
Finance Minister, Count Cancriii, Los awardetl to every 
great scientific undertaking, a portion of the simultaiieouslv 
corresponding observations’* between the White Sea and 

The first idea of the utility of a Hystcraatic and sifuultaueously con¬ 
ducted series of magnetic* observations is due to Celsius, and, without 
referring to the discoveiy and measurement of the influence of polar 
light on magnetic variation, which was, in fact, due to his asaistaut, 
Olav Hidrter (March, 1741), we may mention that he was the means of 
inducing Graham, hi the Rummer of 1741, to join him in his inves- 
tigatlone for discoveiing whether certain extraordinaiy poilurbations, 
which had from time to time exerted a horary influence on the 
course of the magnetic needle at U]>sa]a had also been observed at the 
same time by him in London. A simultaneity in the perturbations 
aflbrded a proof, he said, that the cause of these disturbances is 
tended over considerable portions of the earth’s surface, and is not 
dependent upon accidental local actions (Celbius, in Uvemlca 
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tile Crimea, aud between the Gulf of Finland and the shores 
of the Pacific in Russian America, were begun as early as 
1832. A permanent magnetic station was established in the 
old monastery at Pekin, which, from time to time since the 
’ reign of Peter the Groat, has been inhabited by monks of 
the Greek Church, Tlic learned astronomer, Fuss, who took 
the principal part in the measurements for the dettivmination 
of the difference of level between the Caspian and the Black 
Hita was chosen to arrang<; the first magnetic establishments 
in China. At a suhseqiu'nt ]ieriod Kupffer in his voyage of 
circumnavigation comi)ared together all the instruments 
that had been employed in the magnetic and meteorological 
stations as far east as Nertschinsk in 119^ 3G' longitude, anji 
with the fundamental standards. The magnetic observations 
of Fedorow, in Siberia, which are no doubt highly valuable, 
are still unpublished. 

1830— 18-15. Colonel Graham of the topographical en¬ 
gineers of the United States, made observations on the mag¬ 
netic intensity at the southern bound,iry of Canada 
TransacL for 1816, pt. iii, p. 242). 

1830. Fuss, Magnetic, Astronomical, and TTypsometrical 
Observations on the journey from the Lake of Baikal, 
through Ergi-Oude, Durma, and the Gobi, which lies at an 
elevation of only 2525 feet, to Pekin, in order to establish 
the magnetic and meteorological observatory in that city, 
where Kovanko continued for 10 years to prosecute his 
observations {Rep, of the Seventh Meefnui of the Rrit, 
Assoc, 1837, pp. 497—499; and Humboldt, Asie Centrales 
t. i, p. 8 ;*t. ii, p. 141 ; t. iii, pp. 468, 177). 

1831— 1836, Captain Fitzroy in his voyage round the 
world#m the Beagle, as well as in the survey of the coasts 
of the most southern portions of America, with a Gam- 

nlcaps Academiem llandlingar fdr 1740, p. 44 ; Hiotter, op. 1747, 
/p* 27), As Arag6 had recognised that the magnetic perturbations 
owing to polar light are diffused over district-R, in which the pheno¬ 
mena of light which accompany magnetic storms have not been seen, 
he devised a plan, by which he was enabled to carry on simuliaueoua 
horary observations (in 1823) with our common friend Kupffer, at 
.Kasati, which lies almost 47° east of Paris. Similar simultaneous ob¬ 
servations of declination were begun in 1828 by myself, in conjunction 
Jwith AragO and Reich, at Berlin, Paris, and Freiberg (see Poggeud. 
^Annalen, Bd, xix, s. 337). 
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bey’s inclinatorium and oscillation needles supplied by 
Steen. 

1831. Dunlop, Director of the ObstTvatory of Paramatta, 
Observations on a voyage to Australia (PAi/. Transact, for 
1840, pt. i, pp. 133—140). 

1831. Furaday’s induction-currents, whose theory has 
been exteiidi'dby Nobili and Antinori. The great discovery 
of the dovelo})itient of light by magnets. 

1833 and 1839 are the two important epochs of the first 
enunciation of the theoretical views of Gauss : (1) Intensitas 
vis magnetiom terrestris ad meusuram absolutam revocata, 
1833; (p- 3 : “ elementum tertium, intensitas, usque ad 
tpmpora recentiora penitus ncglectura nian.'lit ”); (2) the 
immortal work on “ the geneml theoiy of teirestricd mag¬ 
netism ” (see Results of the observations of the Magnetic 
Association in the year 1838, edited by Gauss and Weber, 
1839, pp. 1—57). 

1833. Observations of Barlow on the attraction of the 


ship’s iron, and the means of determining its deflecting 
action on the compass. Inve.stigation of electro-magnetic 
currents in Terrellas. Isogonic atlases. Comjwre Barlow’s 
Essay on Ilaynetic Attraction, 1833, p. 89, with Poisson, 
sur les fh'viations de la boussole produitc par lefer des vais- 
seaux in the ALtm de Vlnstitut, t. xvi, pp. 481- 555 ; Airy, 
in the JPhil. Ttansact. for 1839, pt. i, p. 1G7 ; and for 1843, 
pt. ii, p. 146; Rir James Ross, in the Thil. Transtjict. for 
1849, pt. ii,pp. 177—195). 

1833. Moser’s methods of ascertaining the position and 
force of the variable magnetic pole (Poggend., Aiinalm, Bd. 
xxviii, s. 49—29C). 


1833. Christie on the Arctic observations of Captain Back, 
Fhil. Transact, for 1836, pt. ii. p. 377 (Cdriipare also his 
earlier and important treatise in the Thil. Tremsact, fw 
1825, pt. 

1834. 

8. 63 —6‘ 

1836. Major Estcourt, in the expedition of Colonel Ohes- 
neyon the Euphrates. A portion of the observations on 
intensity were lost with the steamer Tigris, which is tho 
more to be regretted since we are entirely deficient in 
accurate observations of this portion of the interior of 


i. p. 23.) 

Parrot’s expedition to Ararat {Magnetismus, bd. ii, 
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‘Western Asia^ and of the regions lying south of the Caspian 
Sea^ 

1836. Letter from M. A. de Humholdt to H.R.H. Duke 
of Sussex, President of the Royal Society of London, on the 

S r means of improving our knowledge of terrestrial mag- 
n hy the establishment of magnetic stations and cor¬ 
responding observations (April 1836). On the hap])y results 
of this appeal, and its influence on the great Antarctic expedi¬ 
tion of Sir James Ross, see Cosmos, vol. i, p. 13G, and Sir 
James Ross’s Voyage to the Southern and Antarctic Regions 
1847, vol. i, pt. xii. 

1837. Sabine, On the Variations of the Magnetic Intensity of 
the Earth, in the Report of the Seventh Meeting of the Rntisfi 
Association at lAverpool, pp. 1—85. The most complete 
work of the kind. 

1837—1838. Erection of a magnetic observatory at Dub¬ 
lin, by Professor Humphrey Lloyd. On the observations 
made there from 1840 to 1846 (see Transact, of the Royal 
Irish Academy, vol. xxii. pt. i, pp, 74—96). 

1837. Sir David Brewster, A Treatise on Magnetism^ 
pp. 185—263, 

1837—1842. Sir Edward Belcher’s voyage to Singapore, 
the Chinese Seas, and the western coasts of America {Phil. 
Transact.for 18i3, pt. ii, pp. 113, 140—142). Tliose observa¬ 
tions of inclination, when comp.ared with my own, which 
were made at an earlier date, show a very unequal advancp 
of the curves. Thus, for instance, in 1803, I found the in¬ 
clinations at Acapulco, Guayaquil, and Callao de Lima to be 
-b Sd*" 48', V lO'" 42,' and — 9° 54'; while Sir Edward Belcher 
found + 57', -t- 9'’ 1', and — 54'. Can the frequent 

earthquakes upon the Peruvian coasts exert a local influence 
upon the phenomena, which depend uixm magnetic force 
of the earth ? 

183{4~1842. Charles Wilkes’s Narrative of the United 
States' Exploring E.icpedition, vol. i, p. xxi. 

1838. Lieutenant James Sullivan’s Voyage from Falmouth 
to the Falkland Islands {Phil. Transact, for 1840, pt. i, pp. 
129, 140—143). 

1838 and 1839. The establishment of magnetic stations 
under the admirable superintendence of General Sabine in 
both hemispheres at the expense of the British Government, 
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The instruments were dispatched in 1839, and the ohserya' 
tions were bc"un at Toronto and in Van Diemen’s Land in 
1840, and at the Cape in 1841 (See Sir John Herschel in the 
Quarter!If Review, voJ. Ixvi, 1840, p. 297, and ]3ecquer6l. 
Traite d'Electricite et de MagnMsme, t. vi, p. 173). By .the 
careful and thorough elaboration of these valuable observa¬ 
tions, which embrace all the elements or variations of the 
magnetic activity of the earth. General Sabine as superin¬ 
tendent of the Colonial observatories, discovered liitherto 
unrecognized laws, and disclosed new views in relation to the 
science of magnetism. The results of his investigalions were 
collected by himself in a long series of separate memoirs (Con- 
taibutions to terrestrial magnetism) in the Fhilosophical 
Transactions of the Royal Society of London, and in separate 
works, which constitute the basis of this portion of the 
Cosmos. We will here indicate only a few of the most im¬ 
portant (1) Observations on days of unusual maynetic disturb¬ 
ances (storms) in the years 1840 and 1841, pp. 1—107, and as 
a continuation of this treatise, maynetic storms from 1843— 
1845 in Rhil, Transact, for 1851, pt. i, pp. 123—139, 
(2) Observations made at the Maynetical Observatory at Toronto 
1840,1841, and 1842(43'’39'N.Lat,and 81°41' W. Long.)vol.i, 
pp. xiv—xxviii; (3) The very variable direction of maynetic de¬ 
clination in one-half of the year at Lonywood House, St. Helena 
(15^ 55' S. Lat., 8'^ 3' W. Long.), Fhilosophical Transactions 
for 1847, pt. i, p. 54; (1) Observ. made at the Mayn. and Meteor, 
Observato^'y at the Cape ofOood Hope 1841—1846; (5) Observ. 
made at the Mayn. and Meteor. Observatory at Hobarton 
(42° 52' S. Lat., 145° 7' E. Long.) in Van Eiemen's Land and 
the Antarctic expedition, vol. i and ii, (1841—1848); on the se¬ 
paration of the eastern and w^tcrn disturbances, seevokii, pp. 
ix—xxxvi; (6) Maynetic phmomena within tlw Antarctic polar 
circle in Eeryuehn's and Van Diemen's Land (Fhil. Transact, 
for 1843, pt. ii, pp. 145—231) ;(7) On the isoclinal and isody¬ 
namic lines in the Atlantic Ocean, their condition in 1837 
(Phil. Tninsact.for 1840, pt. i, pp. 129—155); (8) Basis of a 
chart of the Atlantic Ocean which exhibits the lines of 
magnetic variation between 60° N. Lat. and 60° S. Lat. for 
the year 1840 (Fhil. Transact, for 1849, pt. ii,pp. 173—233); 
(9) Methods of determining the ahsolute values, secular cjiangq, 
2 nd annual variation of the magnetic force (Fhil, 'Transact, for 
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1850, pt. i, pp. 201—219) ; Coincidence of the epochs of the 
greatest vicinity of the sun with the greatest intensity of 
the force in both hemispheres, and of the increase of inclina¬ 
tion, p. 216; (10) On the amount of magnetic intensity in 
the most northern parts of the New Continent and upon the 
point of greatest magnetic force found by Captain Ijefroy in 
62® 19' Lat. (^Phil. Tratisact. for 1846, pt, iii, pp. 237—336) ; 
(11) The periodic alterations of the three elements of terrestrial 
magnetism, variation, inclination, and intensity at Toronto 
and IToharton, and on the connection of the decennial period 
of magnetic alterations icith the decennial period of the 
frequency of solar spots, discovered by Schwabe at Dessau 
{Phil. Transact, for 1852, pt. i, pp. 121—124). The oliserv&- 
tions of variation for 1846 and 1851 are to be considered as 
a continuation of tJiose indicated in No. 1. as belonging to 
the years 1840—1845. 

1839. Representation of magnetic isoclinal and isodynamic 
lines from observations of Humphrey Lloyd, John Fhillips, 
Robert Were Fox, James Ross, and Edward Sabine. As 
early as 1833 it was determined at the meeting of the 
British Association in Cambridge, that the magnetic inclina¬ 
tion and intensity should be determined at several parts of 
the empire, and in the summer of 1834 tliis suggestion was 
fully canned out by Professor Lloyd and Gkjneral Sabine, and 
the operations of 1835 and 1836 were then extended to 
Wales and Scotland {Report of the Meeting of the Brit. 
Assoc, held at Newcastle, 1838, pp. 49 —196), with an 
isocbnal apd isodynamic chart of the British islands, the 
intensity at London being taken as = 1. 

1838— 1843. The great exploring voyage of Sir James 
Robs t6 the South Pole, which^is alike remarkable for the 
additions which it afforded to our knowledge by proving the 
existence of hitherto doubtful polar regions, as well as for 
the new light which it has diffused over the magnetic con¬ 
dition'of large portions of the eai-th’s surface. It embraces 
all the three elements of terrestrial magnetism numerically 
determined for almost two-thirds of the area of all the 
high latitudes of the southern hemisphere. 

1839— 1851. Kreil’s observations, which were continued 
for/12 years, at the Imperial Obseiwatory at Prague, in 
reference to the variation of all the elements of ter- 
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restrial magnetism, and of the conjectured soli-liinar in¬ 
fluence. 

1840. Horary magnetic observations with one of Gambia 
declination compasses during a ten years’ residence in Chili^ 
by Claudio Gay (see his Historia faica y pclitica de Chile, 
1847). 

1840—1851. Lament, Director of the Observatory at 
Munich. The results of his magnetic observations, compared 
with those of Gottingen, which date back as far as 1835. 
Investigation of the important law of a decennial period in 
the alterations of declination (see Lamont in Poggend. Ann. 
der Phys., 1851, Bd. 84, s. 572—582, and Relshuber, 1852, 
Bd. 85,3. 179—184). The already indicated conjectural con¬ 
nection between the periodical increase and decrease in the 
annual mean for the daily variation of declination in the 
magnetic needle, and the periodical frequency of the solar 
spots was first made known by General Sabine in the Phil. 
Transact, for 1852, and four or five months later, without 
any knowledge of the previous observations, the same result 
was enunciated by Ifcndolf Wolf, the learned Director of the 
Observatory at Berne.” Lament’s manual of terrestrial mag¬ 
netism, 1848, contains a notice of the neyrest methods of 
observation as well as of the development of these methods. 

1840^—1845, Bache, Director of the Coasts’ Survey of the 
United States, Observ. made at the Magn. and Mefeorol. 01^ 
servatory at Oirard's College, Philadelphia (published in 

1847). 

1840— 1842. Lieutenant GillissU, S. Magnetieql and Me¬ 
teorological Observations made at Washington, published 1847, 
pp. 2—319 ; Magnetic Storms, p. 336. 

1841— 1843. Sir Robert jSchomburgk’s* observations of 

?»_The treatise of Rudolf Wolf, referred to in the text, contains 
special daily observation of the sun’s spots (from January Ist to jiifto 
30th, 1852) and a table of Lamont’s periodical variations of declination 
with Schwabe’s results on the frequency of solar spots (1835—1850). 
These results wore laid before the meeting of the Physical Society of 
Berne, on the Slst of July, 1852, whilst the more comprehensive 
treatise of Sabine {PMl. Transaet. 1862, pp, 116—121) bad been pre¬ 
sented to the Royal Society of London in the beginning of March, 
and read in the beginning of May, 1862. From the most recent 
investigations of the observations of solar spots. Wolf find? that be» 
tween the years 1600 and 1862 the mean period was 11.11 years. 
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dedication in the woody district of Guiana, between the 
mountain Boraima and the village Pirara between the paral* 
lels of 4° 57', and 3= 39' {Phil. Transact, for 1849, pt. ii, 
p. 217). 

1841—!f845. Magn, cmd Meteorol, Observations made at 
Madras. 

1843—1844. Magnetic observations in Sir Thomas Bris¬ 
bane’s observatoiy at Makerstoun, Roxburghshire, 55° 34' 
North lat. (see Transact, of the Royal Society of Edin- 
vol. xvii, pt. ii, p. 188, and vol. xviii, p. 46). 

1843— 1849. Kreil, On the influence of the Alps upon the 

manifestations of the Magnetic Poree (see Schum. Astr. 
Jfaehr. No. 602). * 

1844— 1845, Expedition of the Pagoda into high ant¬ 
arctic latitudes as far as 64“ and 67°, and from 4“ to 117° E. 
long., embracing aU the three elements of ten-estrial mag¬ 
netism, under the command of Lieutenant Moore, who had 
already served in the Teixor in the polar expedition, and of 
Lieutenant Clerk, of the Royal Artillery, and formerly 
Director of the Magnetic Observatoiy at the Cape,—A 
worthy completion of the labours of Sir James Boss at the 
South Pole. 

1845. Proceedings of the Magn. and Meteorol. Conference 
held at Cambridge. 

1845. Observations made at the Magn. and Meteorol. Oh~ 
servatory at Bombay under the superintendence of Arthur 
Bedford Orlebar. This observatory was erected in 1841, 
on the little island of Colaba. 

1845— 1850. Six volumes of the results of the Magn. and 
Meteorol. Observations made at the Royal Observatory at 
Greenwich. The magnetic house was erected in 1838. 

1845. Simonolf, Professor at Kazan, liecherches sur Vaction 
magnetique de la Terre. ' 

; 1846—1849. Captain Elliot, Madras Engineei’s, Magnetic 
Survey of the Eastern Archipelago. Sixteen stations, at each 
of which observations were continued for several months in 
Borneo, Celebes, Sumatra, the Nicobars, and Keeling Islands, 
compai'ed with Madi'aa, between 16° N. lat. and 12° S. lat, 
and 78° and 123° E. long. {Phil. Transact, for 1851, pt. i, 
pp. 287—331, and also pp. i—clvii.) Charts of equal incli¬ 
nation and declination, which also expressed the Jiorizontal 
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and total force, were appended to these obseiwations, which 
also give the position of the magnetic equator and of the line 
of no variation, and belong to the most distinguished and 
comprehensive that had been drawn up in modem times. 

1845—IS.IO. Faraday’s brilliant ])hysical discA'eries : (1) 
In relation to the axial, or equatoi’ial (diamagnetic''*) direction 
assumed by freely oscillating bodies binder external magnetic 
influences {Phil. Transact, for 1846, § 2420, and Phil. 
Transact, for 1851, pt. i, §§ 2718—2796); (2) Kegarding the 
relation of electro-magnetism to a ray of polarized light, 
and the rotation of the latter by means of the altered mo¬ 
lecular condition of the bodies through which tlie itiy of 
jtolarized light and the magnetic euiTont have both been 
transmitted {Phil. Transact, for 1816, pt. i, § 2195 and 
§§ 2215—2221; (.3) Regarding the remai’kable property 
which oxygen (the only gas which is paramagnetic) exerts 
on the elements of terrestrial magnetism, namely that like 
soft iron, although in a miich weaker degree, it assumes con¬ 
ditions of polarity through the diffused action of the body of 
the earth, which repi'esents a jiermanently present magnet™ 
{Phil. Transact, for 1851, pt. i, §§ 2297—2967). 

7* Sea Cosmos, vol. iv, p. 39G. Diam.agnetic repulsion and an 
equatorial, that is to say, an ea^t and west position in respect to a 
powerful magneto aro exhibited by bismuth, antimony, silver, phos¬ 
phorus, rock salt, ivory, wood, apple-shavings, and leather. Oxygen gas, 
either pure or when mixed with other gases, or when condensed in the 
interstices of charcoal, is paramagnetic. See in reference to crystallised 
bodies the ingenious observations made by Pliickor concerning tho 
position of certain axes (Poggend. AnnaJ. Bd. Ixxiii, s. 178, mi PhiL 
TrafvsacL for 1851, §§ 2836 — 2842). The repulsion by f»ismuth waa 
first recognised by Brugmans, in 1778, next by Le Bailiff, in 1827, and 
finally, more thoroughly tested by Seebeck, in 1828, Faraday himself 
(§§ 2429—2431), Reich, and Wilhelm Weber, who^from the year 1830, 
has shown himself so incessantly active in his endeavours to promote 
the progress of terrestrial magnetism, have all endeavoured to exhibit' 
the connection of diamagnetic phenomena with those of induction 
(Poggend. Annakn, Bd. Ixxiii, s. 241—253). Weber has, moreover, . 
tried to prove that diamagnetism derives its source from Ampere's 
molecular currents. (Wilh. Weber, A hhandlungen ilber eUctro^dynaimiaclie' 
MamsbeBtimmunym^ 1852, s. 645—570.) 

In order to excite this polarity, the magnetic fluids in every par¬ 
ticle of oxygen must be separated, to a certain extent, by the actio m 
distansol the earth in a definite direction, and with a definite .force. 
Eveiv particle of oxygen thus represents a small magnet, and all these 
small magnets react upon one another as well as upon the earth, and 
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^ XS49. Emory, Magn. observations made at the Isthmus of 
Panama. 

1849. Professor William Thomson, of Glasgow, A Mafhe- 
matical Theory of MagnetUm in the Thih Transact for 1851, 
pt. i. pp. 243—285 (On the problem of the distribution of 
magnetic force, compare §§ 42 and 56 with Poisson in the 
Mem de VImtilut.j 1811, pt. i, p. 1; pt. ii, p. 163). 

1850. Airy, On the present state and prospects of the 
science of Terrestrial Magnetism—the fragment of what pro^ 
mises to be a most admirable treatise. 

1852. Kreil, Influence of the Moon on Magnetic Declination 
at Pra^ie in the years 1839—1849. On the earlier labours 
of this accurate observer, between 1836 and 1838, see 
vazioni sulV intensitd e sidla direzione della forza magnetica 
instituitc negli anni 1836—1838 alV /. jB. Ossermtorio di 
MilanOy^. 171; and also his Maqnetical and Meteorological 
Observations at Pragucy vol. i, p. 59. 

,1852. Faraday, On Lines of Magnetic Force, and their 
definite character. 

1852, Sabine's new proof deduced from observations at 
Toronto, Hobarton, St. Helena, and the Cape of Good Hope 
(from 1841 to 1851), that everywhere between the hours of 
seven and eight in the morning the magnetic declination 
exhibits an annual period; in which the northern solstice 
presents the greatest eastern elongation, and the southern 

finally, in connection with the latter, they further act upon a magnetic 
needle, which may be assumed to be in or beyond the atmosphere. 
The envelope of oxygen tliat encircles our terrestrial s]>herc may be com¬ 
pared to an armature of soft iron upon a natural magnet or a piece of 
majgnetiscd steel; the magnet may further be assumed to be spherical, 
like^ the eaith, while the armature is assumed to be a hollow shell, 
similar Ito the investment of atmospheric oxygen. The magnetic power 
which each particle of oxygen may acquire by the constant force of 
the earth, diminishes with the temperature and the rarefaction of the 
<>xygeh gaa. When a constant alteration of temperature and an expan¬ 
sion follows the sun around the earth from eiist to west, it must pro¬ 
portionally alter the results of the magnetic force of the earth, and of 
the oxygen investment, and this, according to Faraday's opinion, is the 
origin of one part of the variations in the elements of terrestrial mag¬ 
netism. Plucker finds that as the force with which the magnet acts 
upoi^ the oxygen is proportional to the density of this gas, the magnet 
presets a simple eudiometric means of recognising the presence of 
free oxygen gaa in a gaseous mixture even to the 100th or 200th 
part, 
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solstice the greatest western elongation, without the tempe¬ 
rature of the atmosphere or of the earth’s crust evincing a 
maximum or minimum at these turning periods. Compare 
the second volume of the Observations made at Toronto, p. 
xvii, with the two treatises of Sabine, already referred to on' 
the Influence of the sun’s vicinity {Phil. Tramact. for 1850, 
pt. i, p. 216), and of the solar spots {Phil. Transact, for 1852, 
p. i, p. 121). 


The chronological enumeration of the progress ^of our 
knowledge of terrestrial magnetism during half a century, 
which I have uninterruptedly watched with the keenest 
interest, exhibits a successful striving towards the attainment 
of a twofold object. The greater number of these labours 
Have been devoted to the observation of the magnetic activity 
of our planet in its numerical I'elations to time and space, 
while the smaller part belongs to experiments, and to the 
manifestation of phenomena, which promise to lead us to the 
knowledge of the character of this activity, and of the 
internal nature of the magnetic force. Both these methods 
—the numerical observation of the manifestation of terres¬ 
trial magixotisra, both in respect to its direction and intensity, 
—and physical experiments on the magnetic force generally, 
have tended reciprocally to tho advancement of our physical 
knowledge. Observations alone, independently of every 
hypothesis regarding the causal connection of phenomena, 
or regarding the hitherto immeasurable and ihiattainablo 
reciprocal action of molecules in the interior of substances, 
have led to important numerical laws. Experimental phy- 
• sicists have succeeded by the display of tile most wondrous 
ingenuity in discovering in solid and gaseous bodies polar¬ 
ising properties, whose presence had never before been sus- 
pectetf, and which stand in s|)ecial relation to the tempera¬ 
ture aind pressure of the atmosphere. However important 
and undoubted those discoveries may be, they cannot in the 
present coinlition of our knowledge be regarded as satisfactory 
grounds of explanation for the laws which have already been 
recognized in the movements of the magnetic needle. The 
most certain means of enabling us thoi'oughly to comprehend’ 
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the vaafiahle numerical relations of space, as well as to extend 
and complete tliat mathematical theory of terrestrial mag¬ 
netism, which was so nobly sketched by Gauss, is to pro¬ 
secute simultaneous and continuous observations of all the 
three elements of the magnetic force at numerous well se¬ 
lected points of the earth’s surface. 1 have, however, else¬ 
where illustrated by example the sanguine hopes which I 
entertained of i he great advantages that may be derived from 
the combination of experimental and mathematical investi¬ 
gation ” 

Nothing that occurs upon our planet can he supposed to 
be independent of coamical influences. The word planet 
instinctively leads us to the idea of dependence upon a 
central body, and of a connection with a group of celestial 
bodies of very different mas^jes which probably have a similar 
origin. The influence of the sun’s position upon the mani- 
i^^festation of the magnetic force of the earth, was recognised 
^at a very early period. The most distinct intimation of this 
relation was afforded by the discoveiy of horary variation, 
although it had been obscurely perceived by Kepler, who, a 
century before, had conjectured that all the axes of the planets 
were magnetically fbrected tow'ards one jiortion of the uni¬ 
verse. He says expressly, “ that the sun may be a magnetic 
body, and that on th.at account, the force which impels the 
planets may he centred in the sun.”''’ The atti-action of masses 
and gravitation appeared at that time undt r the semblance 
of magnetic attiaction. Horrebow,''® who did not confound 
gravitation with magnetism, w.os the first who called the 
process of light a perpetual northern light, produced in the 
solar atmosphere by means of magnetic forces. Nearer our 
See^. 6. 

^ Kepler, in f^Ulla Martin, pp. 32—34 (.uid compare with it his 
treatiee, Mysttrmvn, Conmogr cap. xx, p. 71). 

^ Coamos, vol. iv, p. 386, where, however, in consequence of an 
error of the proas, in the place of Ba\is AKtroiiomim we should read 
davit Astrovninrce The passage (§ 226) in which the luminous process 
of tile sun is characterised as a perpetual northern light does not occur 
•'in the first edition of the Clavts Aatr. by Horrebow (Havn. 1730), but 
is only found in the second and enlarged now edition of the work in 
Hon^bow’s Operum Mai/iemattco-Phymcorum, t i, Havn. 1740, p 317, 
as it belongs to this appended portion of the Clai ia. Compare with 
Horrebow’s view the precisely similar views of Sir William and Sir 
John Hersohol {Ooamoa, voL iii, pp. 39, 40). 

VOL. V. 
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own times (and this difference of opinion is very remarkable) 
two distinct views were promulgated in reference to thfe 
nature of the influence exerted by the sun. 

Some physicists, as Canton, Ampere, Christie, Lloyd, and 
Airey, have assumed that the sun, without being itself 
magnetic, acts upon terrestrial magnetism merely by pro¬ 
ducing changes of temperature, whilst others, as Coulomb, 
believed the sun to be enveloped by a magnetic atmosphere’* 
which exerts an action on terrestrial magnetism by distribu¬ 
tion. Although Faraday’s splendid discovery of the |)ara- 
magnctic property of oxygen gas has removed the great diffi¬ 
culty of having to assume with Canton that the temperature 
of the solid crust of the earth and of the sea must be rapidly 
and considerably elevated from the immediate effect of the 
sun’s transit through the meridian of the place, the perfect 
co-ordination and an ingenious analysis of all the measure- 
inents and observations of General Sabine have yielded this 
result: that the hitherto observed periodic variations of the 
magnetic activity of the earth cannot be based upon periodic . 
changes of temperature in those parts of the atmosphere 
which are accessible to us. Neither the principal epochs of 
diurnal and annual alterations of declinarion at the different 
hours of the day and night, nor the periods of the mean 

intensity of the terrestrial force*" coincide with the jieriods of 

• 

• Metnoires de MaUtem. et de Phy$. prisentis a VAcad, Roy, des Sc» 
t. ix, 1780, p. 262. 

“ So far as these four eitaluma (Toronto, Hoharton, St. Holona, 
and the Cape), so widely sejiarated from each other and so divei*sol^ 
situated, justify a generalisation, we may arrive at the csnclusion that 
at the hoHir of 7 to 8 a.m. the magnetic declination is everyukere sub¬ 
ject to a variation of which the period is a year, and which is every¬ 
where similar in character and amount, cousiating of a movement of 
the north end of the magnet from east to weat, between the northern 
and the southern solstice, and a return from west to east between the 
southern and the northeru solstice, the amplitude being about 6 minutes 
of arc. The turniKig 2^eriod3 of the year are not, as many might be disposed 
to anticipate, those months in which the tanperatuTe at the, surf ace of (mr ' 
planet, or of the subsoil, or of the atmosphere (as far as we possess the' 
means of judging of the temperature of the atmosphere) Uttams its 
qnaximum and minimum. Stations so diversely situated would, indeed^, 
present in these respects thermic conditions of great variety; whereoa 
uniformity in the epoch of the turning periods is a not less conspicuous 
feature in the annual variation than similanty of character and nume¬ 
rical value. At all the stations the sUstkes uro the turning periods of 
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the maxima and- minima of the temperature of the atmo¬ 
sphere, or of the upper crust of the earth. We may remark 
that the annual alterations were first accurately represented 
by Sabine from a very large number of observations. The 
turning points in the most important magnetic phenomena 
are the solstices and the equinoxes. The epoch at which 
the intensity of the terrestrial force is the gi'eatest, and that 
at which the dipping needle most nearly assumes the vertical 
position in both hemispheres, is identic-al with the period at 
which the earth is nearest to the sun,®* and consequently 
when its velocity of translation is the greatest. At this 
period, however, when the earth is nearest to the sun, namely 
in December, January, and February ; as well as in May^ 
June, and July, when it is farthest from the sun, the relations 
of temperature of the zones on either side of the equator ai*e 
completely reversed, the turning j)oints of the decreasing and 

the annual variation at the hour of which we are treating. The only 
periods of the year in which the diurnal or horary variation at that 
hour does actually disappear are at the equiaojce^^j when the sun is 
passing from the one lieniUphero to the other, and when the magnetic 
direction, in the course of its annual variation from east to west, or 
vice versil. coincides with the direction which is the mean declination 
of all the months and of all the hours. The annual variation is obvi- 
o^8ly connected with, and dependent on, the eartlis position in its orbit 
relatively to the aim around which it I'ovolvea; as the diurnal variation 
is connected with, and dependent on, the rotation of the earth on its axis, 
by which each meridiiiu aiicoesaively passes through every angle of in¬ 
clination to the sun in the round of 24 hours." Sabine, on the Annual 
and Diwnial Variations, in the second volume of Obseroations made tit 
the Magn. and Meteorol. Obse7*vatorg at Toronto, p. xvii—xx. See also 
his memoir, On the Annual Variation of the Magnetic Declination at 
different pm^iods of the day, in the Philos, Transact for 1851, pt. ii, 
p. 635, afid the IntrodvLctio'n of his Obsei'v, made at the Observatory at 
Ifobarton, vol. i, p. xxxiv—xxxvi. 

Sabine, On the means adopted for determining the Absolute Values, 
fiiecuZar Change, and Annual Variation of the Tei'vcsti'ial Magnetic Foixe, 
in the Phil. Tranmct. for 1850, pt i, p. 216. In Lis address to the Asso¬ 
ciation at Belfast (Meetintf of the DriU Assoc, in 1852), he likewise 
observes, ** that it is a remarkable fact which has been established that 
the magnetic force is greater in both the northern and southern hemi¬ 
spheres in the months of December, January, and February, w’hen the 
sun is nearest to the earth, than in those of May, Juue, and July, when 
he is most distant from it; whereas, if the eflocts were due to tempera¬ 
ture, tbe two hemispheres should be oppositely, instead of siunlarly, 
offedted in each of the two periods referred to." 
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iacreasing intensity, declination and inclination cannot there¬ 
fore be ascribed to the sun in connection with its thermic, 
influence. 

The annual means deduced from observations at Munich 
and Gottingen, have enabled the active director of the Royal 
Bavarian Obserw.itory, Professor Lamont, to deduce tho 
remai’kable law of a period of 10^ yeai’s in the alterations of 
declination.®* In the ])eriod between 1841 and 1860, the 
mean of the monthly alterations of declination attained very 
uniformly their minimum in ISfS^, and their maximum in 
1848^. Without being acquainted with these European 
results, General Sabine was led to the discovery of a periodi¬ 
cally active cause of disturbance from a comparison of the 
monthly means of the same years, namely from 1843 to 1848, 
which were deduced from observations made at places which 
lie almost as far distant from one another as possible (Toronto 
in Canada, and Hobarton in Van Diemen’s Land). This 
cause of disturbance was found by him to be of a purely 
cosmical nature, being also manifested in the decennM 
pei'iodic alterations in the sun’s atmosphere.** Schwabe, 
who has oI)served the spots upon the sun with more con.stant 
attention than any other living astronomer, discovered (as I 
have already elsewhere observed),®* in a long series of years 
(from 18:iJG to 1850), a periodically varying frequency in the 
occuri'cnce of the solar spots, showing that their maxima fell 
in the years 1828, 1837, and 1848, and their minima in the 
years 1833 and 1843. “I have not had the opportunity,” 
he writes, “of inve.stigating a continuous series of older 
observations, but I willingly subscribe to the opinion that 
this period may itself be variable.” A somewhat analogous 
kind of variability —peinods within periods —is undeubtedly 
observable in the processes of light o{ other self-luminous 
suns. I need here only refer to those complicated changes 
of intensity, which have been shown by Goodricke t(nd 
Argclander to exist in the light of /3 Lyras and Mira Ceti. “ 

Lamont, in Poggend. Armalen, Bd. Ixxxiv, 8. .579. 

** Sabino, On periodical laws discoverable in the mean effects of 
lartjer magnetic distwrbances, in the Phil. Transact, for 1862, pt. i, p. 181,' 
Vide supra, p 75. 

“ Cosmos, vol. iv, p. 398. 

® Op. cit. vol. ili, p. 228, 
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' If, as Sabine has shown, 'the magnetism of the sun is 
manifested by an increase in the terrestrial force when the 
earth is nearest to that luminary, it is the more striking 
that, according to Kroil’s very thorough investigations of the 
magnetic influence of the moon, the latter should hitherto not 
have been perceptible, either dm-ing the difierent lunar 
phases, or at the difierent distances assumed by the satellite 
in relation to the earth. The vicinity of the moon does not 
appear, when compared with the sun, to comi^ensate in this 
respect for the smallness of its mass. The main result of 
the investigation, in relation to the magnetic influence of the 
. earth’s satellite, which, according to Melloni, exhibits only a 
itrace of calorification “ is that the magnetic declination 
in our planet undergoes a regular alteration in the course of 
a lunar day, during which it exhibits ,a twofold maximum 
and a twofold minimum. Kreil very correctly observes, 
“ that if the moon exerts no influence on the temperature on 
the surface of our earth (which is appreciable by the ordi¬ 
nary means of measuring heat), it' obviously cannot in this 
way effect any alteration in the magnetic force of the earth; 
but if, notwithstanding, an alteration of this kind is actually 
experienced, we must necessarily conclude that it is pro¬ 
duced by some other means than through the moon’s heat.” 
Everything that cannot be considered as the product of a 
single force must require, as in the case of the moon, that all 
foreign elements of disturbance should be eliminated, in order 
that its true nature may be recognized. 

• Although hitherto the most decisive and considerable 
variations fn the manifestations of terrestrial magnetism do 
not admit of bein^ satisfactorily explained by the maxima 
and minima in the variations of temperature, there can be 
no doubt that the great discovery of the polar property of 
voxygeu in the gaseous envelope of our earth will, by a more 
profound and comprehensive view of the process of the 
magnetic activity, speedily afford us a most valuable assist¬ 
ance in elucidating the mode of origin of this process. It 
would be inconceivable if, amid the liannonious co-oijeration 
' of all the forces of nature, this property of oxygen and its 
, ’modification by an increase of temperature, should not par- 

Kreil, Einfiuss dea Mondea auf die Magnetisclie Declination, 1862, 
a 27^ 29, 40. 
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ticipate in the procluctiou and manifestation of magnetio 
phenomena. 

If, according to Newton’s view, it is very probable that 
the substances which belong to a group of celestial bodies (to* 
one and the same planetary system) are for the most part 
identical, we may from inductive reasoning conclude that 
the electro-magnetic activity is not limited "to the gravi¬ 
tating matter on om* own planet. To adopt a different 
hypothesis would be to limit cosmical views with arbitrary 
dogmatism. Couloinl)’s hypothesis regarding the influence of 
the magnetic sun on tlie magnetic earth is not at variance 
with analogies, based upon the observation of facts. 

If we now proceed to the purely objective rcj)resentation 
of the magnetic phenomena, which are exhibited by our 
planet on different parts of its surface, and in its different 
positions in relatioJi to the central body, we must accurately 
distinguisli, in the numerical results of our measurements, 
the alterations which are comprised within short or very 
long periods. All are dejicndcnt on one another, and in this 
dependence they reciprocally intensify, or partially neutralize 
and disturb each other, as the wave-circles in moving fluids 
intersect one another. Twelve objects here them¬ 

selves most prominently to our consideration. 

Two magnetic poIeSy which are unequally distant from the 
poles of rotation of the earth, and are situated one in each 
hemisphere ; these are points of our terrestrial spheroid at 
which the magnetic inclination is eqxial to 90°, and at which 
therefore the horizontal forco vanishes. 

The magnetic equator^ the curve on which the inclination 
of the needle = 0°. 

The lines of equal declination, and tlj 9 se on which the 
declination = 0 (Isogonic lines and lines of no variation). 

The lines of equal inclination {isoclinal lines). 

The four points of greatest intensitg of the magnetic;force, 
two of unequal intensity in each hemisphere. 

The lines of equal terrestrial force {isodynamic lines). 

The undulating line which connects together on each 
meridian the points of the weakest intensity of the terrestrial 
force, and which has sometimes been designated as a dynaptic ' 

^ Cosmos, Yol. i, pp# 122, 123 ; also vol. iv, p. 6C8. . - ' 
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efjmfor. This undulating line does not coincide either 
with the geographical or the magnetic equator. 

The limitation of the zone where the intensity is generally 
very weak, and in which the horary alterations of the mag¬ 
netic needle participate, in accordance with the different 
seasons of the year, in producing the alternating phenomena 
observed in both hemispheres 

In this enumeration I have restricted the use of the word 
pole to the two points of the earth’s surface, at which the hori¬ 
zontal force disappears, because, as I have already remarked, 
these points, which are the tnie magnetic poles, but which 
by no means coincide with the maxima of intensity, have 
frequently been confounded in rcicent times with the foui' 
terrestrial points of greatest intensity. ^ Gauss has also 
shown that itwould be inappropriate to attempt to distinguish 
the chord which connects the two points, at Avhich the clip of 
the needle = 90°, by the designation of magnetic axis of 
the earth*\ The intimate connection which prevails between 
the objects here enumerated fortunately renders it possible 
to concentrate, under three points of view, the complicated 
]»henomena of terrestrial magnetism in accordance with the 
three manifestations of one active force—Intensity, Incli¬ 
nation, and Declination. 


Infensiti/, 

The knowledge of the most important clement of terres¬ 
trial magnetism, the dii-ect measurement of the intensity of 

See Mrs*Somerville’s short but iweid description of terrestrial 
magnetism, based upon Sabine’s M'orks {Physical Geography^ vol. ii, 
102). Sir James Itoss, who intersected the curve of loWeet intensity 
in his Antarctic expedition, December, 1839, in 19" S. lat and 
29' IS'w. long., and who has the great merit of having first deter¬ 
mined its position in the southern hemisphere, calls it “ the equator of 
less intensity.” See hia Voyage to the iSouPkem and Antarctic Regions^ 
vol i, p, 22. 

“ Stations of an intei'mediate character, situated between the 
northern and southern magnetic hemispheres, partaking, although in 
opposite seasons, of those contrary features which separately prevail (in 
the hemispheres) throughout the year." Sabine, in the PhiL 
Transact for 1847, pt i, pp. 53—57. 

The pole of intensity is not the pole of verticity. PhiL Transact^ • 
for 1846, pt. Hi, p. 255- 

Gauss, Allgem* Theorie des Erdinagnciismue, § 31. 
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the terrestrial force, followed somewhat tardily the know¬ 
ledge of the relations of the direction of this force in 
horizontal and vertical planes (declination and inclination). 
Oscillations, from the duration of which the intensity is 
deduced, were first made an object of experiment towards the 
close of the 18th century, and yielded matter lor an earnest 
and continuous investigation during the first half of the 19th 
century. Graham, in 1723, measured the oscillations of his 
dipping-needle with the view of ascertaining whether they 
were constant,®* and in order to find the ratio which the 
force directing them bore to gravity. The fiijjt attempt to 
determine the intensity of magnetism at widely dififerent 
’points of the earth’s surface, by countiug the number of 
oscillations in equal times, was made by Mallet in 1769. He 
found, with a veiy imjK'rfect apparatus, that the number of 
the oscillations at St. Petersburg (59"' 56' N, lat.), and at 
Ponoi (67'' 4'), were precisely equal®'*, and hence arose the 
erroneous opinion which was even transmitted to Cavendish, 
that the intensity of the teirestrial force was the same under 
aU latitudes. Jlorda, as he has himself often told me, was 
prevented, on theoretical grounds, from falling into this error, 
and the same had pre'viously been the case with Le Monuier; 
but the imperfection of the diiiping needle, the friction which 
existed between it and the pivot, })rev('nted Borda (iu his 
expedition to the Canary Islands iu 1776), from discovering 
any difference in the magnetic force between Paris, Toulon, 
Santa Cruz de Teneriffe, and Goreo in Seuegambia, over a 
space of 35“ of latitude. {Voyage de La I^t^rouse, t. i, 
p. 162.) This diflference was, for the first time, detected with 
improved instruments in the disastrous expedition of La 
Perouse in the years 1785 and 1787 by LB'^i^i'non, w^io com¬ 
municated it from Macao to the Secretary of the !^rench 
Academy. This communication, as 1 have already stated, 
(see p. 61), remained imheeded, and like many others lay 
buried in the archives of the Academy. ^ 

The first published observations of intensity, which more- 

*® PkU. Trantaet, vol. xxxiii, for 1724—1726, pk 832 (“to try if the 
dip and vibrations were constant and regular”). 

“ ,Novi Comment. Acad. Sdent. Petropol, t. xiv, pro anno 1769, pars 2, 
p. 33. See also Le Monnier Loit du Magnetitme eomparSea aux wtervUr 
tion$^ 1776, p. 60. 
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. over were instituted at the suggestion of Borda, are those 
T^hich I made during my voyage to the tropical regions of' 
the New Continent between the years 1798 and 1804. The 
results obtained at an earlier date (from 1791 to 1794), 
regarding the magnetic force,' by my friend de Rpssel, in the 
tndian Ocean, were not printed till four years after my 
return from Mexico. In the year 1829 I enjoyed the advan¬ 
tage of being able to prosecute my observations of the mag¬ 
netic intensity and inclination over a space of fully 188“ 
of longitude from the Pacific eastwards as far as the Chinese 
Dztmgarei, two-thirds of this portion of the earth’s surface 
being in the interior of continents. The differences in the 
latitudes amounted to 72“ (namely, from 00“ N. to 13° 
S. Lat.). 

When we carefully follow the direction of the closed 
isodynamic lines (curves of equal intensity), and pass from 
. the external and weaker to the interior and gradually stronger 
curves, we shall find in considering the distribution of the 
magnetic force in each hemisphere, that there are two jioints, 
or foci, of the maxima of intensity, a stronger and a weaker 
one, lying at very unequal distances both from the poles of 
rotation and the magnetic poles of the earth. Of these four 
terrestrial points the stronger, or American, is situated in 
the northern hemisphere®* in 52° 19' N. lat. and in 92° W, 
long., whilst the weaker, which is often called the Siberian, is 
situated in 70° N. lat. and in 120° E. long, or perhaps a few 
degrees^less to the eastward. In the journey from Par- 
schinsk to.Jakutsk, Erman found, in 1829, that the curve of 
greatest intensity (1.742) was situated at Beresowski Ostrow 
in 117° 51'E. long, and 59° 44' N. lat. (Erman Magnet. Beob. 
Ik 173—540; Sabine, in the Bhil. Transact, for 1850, pt, i, 
p. 218). Of these determinations, that of the American 
focus is the more certain, especially in respect to latitude, 

• while in respect “ to longitude it is probably somewhat too 
far west.” The oval which incloses tho stronger northern 
focus lies, consequently, in the meridian of the western end 
of Lake Superior, between the southern extremity of Hud- 

M In those cases in which individual treatises of General Sabine have 
. not been speoially referred to in these notes, the passages have been 
.'taken from manuscript communications, which have been kindly 
placed at my disposal by this learned physicist. 
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sou’s Bay and that of tlie Canadian lalce of Winipog- We 
owe this determination to the important land expedition, 
undertaken in tlio year 1843, by Captain Lofroy, of the 
Royal A rtillery, and formerly director of tlic Magnetic 

Observatoiv at St. Helena, The mean of the lem- 

1 / 

niscate.s which connect the stronger and the weaker focus 
appears to be situated north-east of Behring’s Stmits, and 
somewhat nearer to the Asiatic than to the American 
focus.” 

When T crossed the magnetic erpiator, the line on which 
the inclination = 0, between Micuipampa and Caxamarca, in 
the Pcnivian chain of the Andes, in the southern hemisphere, 
iR 7*^ 2' lat, and 78^ 48' W. long, and when I observed 
that the intensity increased to the north and .south of tins 
remarkable }»oiut, T was led from an erroneous generalization 
of my own observations, and in the absence of all points of 
comparison' (which were not made till long afterwards), to 
the oj^inion that the magnetic foi'ce of the earth increases 
unintemiptedly from the magnetic equator towards both 
magnetic i)olcs, and that it was probable that the maximum 
of the terrestrial force was situated at these points, tliat is 
to say, where the incliruition = 90'^. When we fii'st strike 
upon the trace of a great physical law, we generally find that 
the earliest opinions adopted require subsequent revision. 
Sabine,*® by his own ohsei vatiojis, which were made from 
1818 to 1822 in very diflcrciit zones of latitude, and by the 
able arrangement and comparison of tbe numerous oscjllatiou- 
cx:perimcuts with the vertical and horizontal needles, which 
of late years have gradually become more general, has showii 
that the intensity and inclination arc veiy variously modi¬ 
fied; that the minimum of the terrestrial force at*’m^vnJ^ 
points lies fur from the magnetic equator; and that in the 
most northern parts of Canada and in the Arctic regions 
around Hudson’s Bay from 52° 20' lat. to the magnetic polo 
in 70^ lat. and from about 92° to 93^ W, long, the intensity, 
instead of increasing, diminishes. In the Canadian focus of 
greatest intensity, in the northern hemisphere, found by 
Lefroy, the dip of the needle in 1845 was only 73 ° 7' and 

Fifth Report of the British Asaociatiorir p, 72 ; Seventh Rq>ort, 
pp, 64’—08. Contributions to Terrestrial Magnetism No .vii in the 
Phil. Transact, for 1846, pt.iii, p. 264, 
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jTi T)otli hemispheres we find the maxima of the terrestrial- 
force coinciding with a comparatively small dip.” 

However admirable and abundant arc the observations of 
intensity which we owe to the expeditions of Sir James Ross^ 
Moore, and Clerk, in the Antarctic polar seas, there is still 
Dixich doubt in reference to the position of the stronger and 
weaker focus in the southern hemisphere. The first of these 
n av igators ha s freqn ently ci’ossed the i sodyn am ic curves 
of greatest intensity, and from a careful consideration of 
his observations, Sabine has been led to refer one of the 
foci to 64® S. lat. and 137® 30' E. long. Ross himself, in the 
accoxint of his great voyage,*^ conjectures that the focus lies 
in the neighbourhood of the Terre d’Adellc, discovered by 
D’Urville, and therefore in about 67® S, lat. and 140® E. long. 
He thought that he had approached the other focus in 60® S. 
lat. and 125 W. long.; hut he was disposed to place it some¬ 
what further south, not far from the magnetic pole, and 
therefore in a more easterly meridian.” 

Having thus established the position of the four maxima 
of intensity, Ave have next to consider the relation of the 
forces. These data can be obtained from a much earlier 

Sabine, in tlie Seventh Report of the Brit, A$soc. p. 77. 

Sir James Roaa, Voyagt in the Southern andAnUnxticRegwm^ vol. i, 
p. 322. Thia great navigator, in sailing between Kerguclcira Land and 
Van Piemen's Land, twice crossed the curve of greatest intensity, first 
in '16® 44' S. lat, 128® 28' E. long, where the intensity increased to 
2.03-t, and apaiu diminished, further cast, near Hobarton, to 1.824 
{Voy, vol. i, pp. 103—104); then again, a year later, from January the 
1st to April the 3rd, 1841, during which time, it would appear from 
the log of tlnf Erebus that they had gone from 77® 47' S. lat. 175“ 41" E. 
long, to 51“ 16' S. lat. 136^ 50' E. long., where the intensities were 
found to be uninterruptedly more than 2.00, and even as much as 
2.07 (PfrM. Tranmct. for 1813, ]tt. ii, pp. 211—215). Sabine’s resxilt for 
the one focus of the southern hemisphere (64* S. lot. 137® 30' E. long.) 
wliich T have already given in the text, was deduced from observations 
made by Sir James Ross between the 19th and 27th of March, 1841 
(while crossing the southern isodynamic ellipse of 2.00, about midway 
between the extremities of its principal axis), between the southern 
latitudes 58° and 64° 26^ and the eastoni longitudes of 128“ 40'and 
148“ 20' {Contrib, to Terr, Magn, in the Phil, Transact, for 1846, pt. iii, 
p. 252). 

Koas, Voyage, vol. ii, p. 224. In accordance with the instructions 
drawn up for the expedition, the two southern foci of tho maximum of 
intensity were conjectured to bo in 47® S. lat. 140° E. long, and in 60® 
S. lat. 236 E. long. (vol. i, p. xxxvi). 
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source, to which I have aJready frequently referred, that is to' 
say, by a comparison with the intensity which I found at a 
point of the magnetic equator in the Penivian chain of the 
Andes, which it intersects in 7° 2' lat. and 78® 48^ W. long, 
or, according to the earliest suggestions of Poisson and Gauss, 
by absolute measurement.** If we assume the intensity at 
the above indicated point of the magnetic equator = 1.000, 
in the relative scale, we find from the comparison made be¬ 
tween the inten.sity of Paris and that of London in the year 
1827 (see page 67), that the intensities of these two cities 
are 1.348 and 1.372. If we express these numbers in ac¬ 
cordance with the absolute scale they wiM stand as about 
*= 10.20 and 10.38, and the intensity, which was a.s3umed to 
be 1.000 for Pci-u, would, according to Sabine, be 7.fl7 in the 
absolute scale, and therefore even greater than the intensity 
at St. Helena, which, in the same absolute scalc= 6.4. All 
these numbers must be subjected to a revision on account of 
the different years in which the comparisons were made. 
They can only be regarded as provisional, whether they are 
reckoned in the relative (or arbitraiy) scale or in the absolute 
scale, which is to be preferred to the former, but even in 
their present imperfect degree of accuracy they throw con¬ 
siderable light on the distribution of the magnetic force—a 
subject which, till within the last half century, was shrouded 
in the greatest obscurity. They afford what is cosmically 
of veiy great importance, historical poijits of departure for 
those alterations in the force, which will be manifested in 
future years, probably through the dependence of the earth 
upon the magnetic force of the sun, by which it is influenced. 

In the northern hemisphere the stronger or Canadian 
focus in 52"' 19' N. lat. and 92® W. long. Jias been most satis¬ 
factorily determined by Lefroy. This intensity is expressed 
in the relative scale by 1.878, the intensity of Loudon being 
1.372, while in the absolute scale it would be expressed by 
14.21.*“ Even in New York, lat. 40® 42', Sabine found the 

** Phil. Transact, for 1860, pt. i, p. 201; AdmiruXty Manual, 1849 , 
h ; Erman^ Magnet. Beoh. a. 437—^64. 

' lOO On the map of iaodynamio lines for North America which oooura 
in.Sabine’s Contributions to Terrestrial Magnetism, No. vii, we find, by 
mistake, the value 14.88 instead of 14.21, although the latter, wbiob is 
the true number, is given at page 252 of the tex.t of this memoir. 
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magnetic force not much less (1.803), For the \reaker 
northern or Siberian focus, 70° lat., 120° E. long., it wag 
found by Erman to be 1.74 in the relative scale, and by' 
Hansteen, 1.76, that is to say, about 13.3 in the absolute 
scale. The Antarctic expedition of Sir James Ross has 
'shown us that the diflerence of the two foci in the southern 
hemisphere is probably less than in the northern, but that 
. each of the two southern foci exceeds both the noithem in 
intensity. The intensity in the stronger southern focus, 
64° lat., 137° 30' E. long., is at least 2.0G in the relative or 
arbitrary scale,' while in the absolute scale it is 15.60 ; in 
the weaker southern focus, 60° lat., 129° 40' W. long., we find 
also, according to Sir James Ross, that it is 1.96 in the arbi¬ 
trary scale and 14.90 in the absolute scale. The greater or 
lesser distance of the two foci from one another in the same 
hemisphere has been recognised as an important element of 
their individual intensity, and of the entire distribution of 
the magnetic force. Even although the foci of the southern 
hemisphere exhibit a strikingly greater inten-sity (namely 

15.60 and 14.90 in the absolute scale), than the foci of the 
northern hemisphere (which are respectively 14.21 and 
13,30), the total magnetic force of the one hemisphere cannot 
be esteemed as greater than that of. the other.” 

“ The result is, however, totally different when we sepa- 

tate the terrestrial sphere into an eastern and western part, 

in accordance with the meridians of 100° and 280° E. long. 

reckoning from west to east in such a manner that the 

eastern or^ more continental sphere shall enclose South 

America, the Atlantic Ocean, Europe, Africa, and Asia, 

almost as far as Baikal, whilst the western, which is the 

more oceanic and insular, includes almost the whole of North 

* 

} I follow the value given in Sabine's Contributions, No. vii, p, 252, 
namely 15.60, We find from the Magnetic Journal of the Erebua 
’ {Phil, TramacL for 1843, pt. ii, pp. 169—172), that several individual 
observations, taken on tlie ice on the 8th of February, 1841, in 77® 47' 
S. lat, and 172* 42' W, long, yielded 2.124. The value of the intensity 

15.60 in the absolute scale would lead ns to assume provisionally that 
the intensity at Hobarton was 13.61 (Magn. and MeteoroL Observ, Tnade 
^ JEiobarton, vol. i, p. 7 5). This value has, however, lately been slightly 
augmented (to 13.66) (voL ii, xlvi). In the Admiralty Momuaft p* 17# 
I find the ^uthem focus of greatest intenaity changed to 15.8. 
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America, the broad expanse of the Pacific, New HQllaj:id, and 
a portion of tkstern Asia.” These meridians lie the one 
about 4° west of Singapore, the other 13° west of Cape Horn, 
in the meridian of Guayaquil. All four foci of the maxi* 
mum of the magnetic force, and even the two magnetic poles 
fall within the we.stem hemi.sphere.* 

Adolph Erman’s important observation of least intensity 
in the Atl^tic Ocean, east of the Brazilian province of 
Espiritu Sihto (20 S. lat., 35 02' W. long.), has been 
already mentioned in our Delineation of Nature.* He found 
in the relative scale 0.70G2 (in the absolute scale 5.35). 
This region of weakest intensity was also twice crossed by 
Sir James Ross in his Antarctic expedition* between 19° and 
21° S. lat., as well as by Lieutenant Sulivan and Dunloi> 
in their voyage to the Falkland Islands.* In his isodynamic 
chart of the entire Atlantic Ocean, Sabine has drawn the 
curve of least intensity, which Ross calls the equator of less 
intensity, from coast to coast. It intersects the West African 
shore of Benguela, near the Portuguese colony of Mossamedes, 
(15° S. lat.); its summits are situated in the middle of 
the ocean in 18° W. long., and it rises again on the Brazilian 
coast as high as 20° S. lat. Whether there may not be 
another zone of tolerably low intensity (O'97), lying north of 
the equator (10° to 12° lat.), and al>out 20° east of the Phi¬ 
lippines is a question that must be left for future investiga¬ 
tions to elucidate. 

I do not think that the ratio which I formerly gave of 
the weake.st to the strongest terrestrial force requires 
much modification in consequence of later investigations. 
This ratio falls between 1; 2^ and 1:3, being some- 

* See the interesting Map of the World, divided into liemieph^es hy Of 
plane coinciding with the meridians of 100 and 280 E, of Grcenvmh, 
exhibiting the unequal distribution of the magnetic intensity in the two 
hemis 2 )heresy plate v, in the Proceedings of the Brit, Assoc, at JAverpool, 
1837, pp. 72—74, Erman found that the intensity of the terrestrial 
force was almost constantly below 0.76, and consequently very small in 
the southern zone between latitudes 24“ 25' and 13° 18', and between 
the western longitudes of 34° 50' and 32® 44'. . ' 

^ Cosmos, vol. i, p. 181. 

® Voyage in the Southern Seas, vol. i, pp. 22, 27; vide supra, p. 96. 

® See the Journal of Sulivan and Dunlop, in the Phil, IVmsacL/of 
1810, pt. i, p, 143. They found as the mmimum only 0.300. 
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what nearer to the latter number, and the difference of 
the data*^ arises from the circumstance that in some cases 
the minima alone, and in others the minima and maxima 
together, have been altered somewhat arbitrarily. Sabine® 
has the great merit of having fii st drawn attention to the 
in^ortance of the dynamic equator, or curve of least intensity. 

This curve connects the points of eacli geographical meri¬ 
dian at which the terrestrial intensity is the smallest. 
It describes numerous undulations in passin^^“^‘round tlie 
earth, on both sides of which the force increases with the 
higher latitudes of each hemisphere. It in this manner 
indicates the limits between the two magnetic hemispheres 
more definitely than the magnetic equator, on which th® 
direction of the magnetic force is vertical to the direction of 
gravity. In respoct^to the theory of magnetism, that which 
refers directly to the force itself is of even greater impoi-tance 
than that which merely refers to the dii'eetion of the needle, 
its horizontal or vertical position. Tlie curves of the 
dynamic equator are numerous, in consequence of their 
depending upon forces, which produce four points (foci) of 
the greatest teirestrial force, which are unsymmetrical and 
of unequal intensity. We are more especially struck in these 
inflections with the great convexity in the Atlantic Ocean 
towards the South Pole, between the coasts of Brazil and tho 
Cape of Good Hope.” 

Docs the intensity of the magnetic force perceptibly 
decrease at such heights as are accessible to us, or does it 
perceptibly increase in the interior of the earth ? The pro¬ 
blem .whicli is suggested by these questions is extremely 

^ We obtain 1:2.44 on comparing in the absolute scale St, Helena, 
which is *6,4, with the focus of greatest inh'iisity at the south pole, 
which is 15.60, and 1:2.47 by a comparison of St. Helena with the 
higher southern maximum of 15.8, as given in the AdtairaUy Manual^ 
p, 17, and 1:2.91 by a comparison in the relative sciilfe of Erman's ob¬ 
servation in the Atlantic Ocean (0.706), with the southern focus (2.06); 
indeed, even 1:2.95, when we compare together in the absolute scale 
thQ lowest value given by this distinguished traveller (5,35), with the 
highest value for the southern focus (15.8). The mean resulting ratio 
would be 1:2.69. Compare for the intensity of St. Helena (6.4 in the 
absolitte, or 0.845 in the arbitrary scale), the earliest observations of 
Ktzroy (0.83.6), Phil, Tramact, for 1847, pt. i, p. 52, and Proceedings of 
the Meeting at Liverpool, p. 56. 

® See Conirib. to Terrestr. Magnetism, No. vii, p. 256, 
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complicated in the case of observations which are made 
either in or upon the earth, since a comparison of the effect 
of considerable heights on mountaiii journeys is rendered 
difficult, because the upper and lower stations are seldom 
Sufficiently near one another, owing'to the great mass of the 
mountain, and since further, the nature of the rock and the 
penetration of veins of minerals, which are not accessible to 
our observation, together with imperfectly understood^horary 
and accidental alterations in the intensity, modify the results, 
where the observations are not perfectly simultaneous. In 
this manner we often ascribe to the height or depth alone, 
conditions whicli by no means belong to either. The nume¬ 
rous mines of considerable depth which I have visited in 
Eiurope, Peru, Mexico, and Siberia, have never afforded 
localities which inspired me with an^ confiflence.® Then, 
moreover, care should be taken in giving the depths, not to 
neglect the perpendicular differences above or below the level 
of the sea, which constitutes the mean surface of the earth. 
The borings at the mines of Joachimsthal in Bohemia are up¬ 
wards of 2000 feet in absolute depth, and yet they only reach 
to a stratum of rock which lies between 200 and 300 feet 
above the level of the sea.^® Very different and more favour¬ 
able conditions are afforded by balloon ascents. Gay-Lussac 
rose to an elevation of 23,020 feet above Paris; consequently, 
therefore, the greatest relative depth that has been reached 
by borings in Europe, scai’cely amounts to of this height. 
My own mountain observations between the years 1799 and 
1806, led me to believe that the terrestrial force gradually 
decreases with the elevation, although, in conaeqhence of the 
causes of disturbance already indicated, several results are at 
variance with this conjectural decrease. I have collected in 
a note individual data, taken from 155 measurements of 
intensity made in the Andes, in the Swiss Alps, Italy,’ and 
Germany.” These observations extended from the level of 

• We may ask what kind of error can have led in the coal mines of 
Flenu to the result that in the interior of the earth, at the depth of ^7 
feet, the horizontal intensity had increased 0.001 ? Joitrnal de Vinstitut, 
1845, Avril, p, 146. In an EMlish mine, which is 950 feet below ihe 
level of the sea, Henwood did not find any increase in the intensity 
(Brewster, Treatise on Magn, p. 276). 

CosmoBf voL i, p. 150. 

A diminution of the intensity with the height is shown in my 
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the sea to an elevation of ISjOii feet, and therefore to the very 
limits of perpetual snow, but the greatest heights did not 
afford me the most reliable results. The most satisfactory 
were obtained on the steep declivity of the Silla de Caracas 
(8638 feet), which inclines towards the neighbouring coasts of 
La Guayra; the Santuario de Nostra Sehora de Guadalupe, 

observations from the comparisons of the Silla de Caracas (8638 feet 
above the sea, intensity 1.188), with the harbour of Guayra (height 
O feet, intcusity 1.2G2), and the town of Caracas (height 2G48 feet, 
intensity 1.209); from a ccujiparison of the town of Santa F6 dc Bogota 
(elevation 8735 feet, intensity 1.147), with the chapel of Neustra 
Senora da Guadalupe (elevation 10,794 feet, intensity 1.127), which 
seems to hang over the town like a swallow’s nest, perched upon a steep 
ledge of rock; from a comparison of the volcano of Purace (elevation 
14,648 feet, intensity 1.077), wuth the mountain village of Purace 
(elevation 8671 feet, intensity 1.087), and with the neighbouring 
town of Popayan (elevation 582:') foot. int(‘nsity 1117); from a com¬ 
parison of the town of Quito (elevation 0541 foot, intensity 1.067), 
with the village of San Antonio do Lulnmbamba (elevation 8131 
feet, intensity 1.087) lying in a neighbouring rocky fissure directly 
rmder the geographical equator. The oscillation experiments, which I 
made at the highest j»oint at which I ever instituted observations of the 
kind, namely, at an elevation of 15,944 feet on the declivity of the long 
since extinct volcano of Antisana, opposite the Chussulongo, were quite 
at variance with this result. It was necessary to make this observation 
in a large cavern, and the groat increase in the intensity was no doubt 
the consequence of a magnetic loc.il attraction of the trachytic rock, as 
has been shown by the experiments' which I made -with Gay-Lussac 
within, and on tho margin of, the crater of Vesuvius. I found the 
intensity in the Cave of Antisana increased to 1.1 SS, while in the neigh¬ 
bouring lower plateau it was scarcely 1.0G8. Tho intensity at tho 
Hospice of Si?. Gotthard (1.313) was gi-eatcr than that at Airolo (1.309), 
but less than that at Altoif (1.322), Airolo, on the other hand, exceeded 
the intensity of the Ursern Lake (1.307). In the same manner Gay- 
Lussac aftd myself ftiund that the intensity was 1.344 at the Hospice of 
Mont Cenis, whilst at the foot of the same mountain, at Lana le Bourg, 
it was 1.323, and at Turin 1.336. The greatest contradictions w’erc 
necessarily presented by the burning vtilcano of Vesuvius, as we have 
already remarked. Whilst in 1805 the terrestrial force at Naples wjis 
1.274, and at Portici 1.2S8, it rose in the Monastery of St. Salvador to 
1.302, whilst it fell in the crater of Vesuvius lower than anywhere else 
throughout the whole district, namely, to 1,193. Tho iron containediu 
the lava, the vicinity of magnetic polos, and the heat of the soil, which 
probably has the effect of diminishing this force, combined to produce 
the most opposite local disturbances. See my Voyarfc aux E^gion& 
EqtiinoxiaU^, t. iii, pp, 619—626, and dc la Socicte d*Arcucil, t, i, 
1807, pp. 17—19. 

VOIi. V, 


H 
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“vvliich rises immediately over tlie town of Bogota^ upon tlio 
declivity of a steep wall of limestone rock, with a difierenco 
of elevation amounting to ui>wards of 2000 feetand the 
volcano of Piirace, Avliich rises 8740 feet above the Plaza 
Mayor of the town of Popayan. Kiipffer in the Caucasus,'^ 
Porbes in many parts of ELiruj)e, Laiigier and Mauvais on 
the Canigou, Bravais and Martins on the Faulhorn, and 
during their very adventurous sojourn in the immediate 
vicinity of the summit oi’Mont Blano,have certainly obs^^rved 
that the intensity of the magnetic force diminished with the 
height, and this decrease appeared from Bravais’a general 
consideration of the subject to be more rapid in the Pyrenees 
than in the chain of the Alps4^ 

Quetelet’s entirely Oj)positc^ results, obtained in an excur¬ 
sion from Geneva to the Co! d(! Balme and the Great St. 
Bernard, make ii doubly desirable for the final and decisive 
settlement of so important a question, that observations 
should be made at some distance from the sui'face of the 
earth; and tlieso observations can only be carried on by 
means of balloon ascents, such as w(U’c employed in 1804, by 
Gay-Lussac, first in association with Biot, on the 24th of 
August, and subsequently alone on the IGth of September. 
Oscillations measured at elevations of 19,000 feet, can how¬ 
ever only afford us certain information regarding the trans¬ 
mission of the terrestrial force in the free atmosphere, when 

Kupffer’s observations do not refer to the summit of the Elbruz, 
but to the difference of height (4706 feet) bet\ve(3n two Htatioiis', viz. the 
bridge of Maly a, and the inouiitiia declivity of Kharbis.Vhidi unfor¬ 
tunately differ considerably in longitude and latitude. Regarding the 
doubts which Necker an<l Forbes have advanced in relation tt) this result 
see Transact of the Eof/al Sor, of Edin, vol, xiv, 1^40, pp. 23—^25. 

CVnnpare Laugier and Mauvais, in the Co^n-ptes rendus, t. xvi, 1843, 
p. 1175; and Rravais, Observ, dc VIntensite da Mar^neihme Terrestre cn 
France, en Snisee, et cn Eavoic, in the Annales dc Chemie et de Phys, 
35me S6rie, t. xviii. 1346, p, 214; Kreil, EiojliLss der Alpen auf die 
Jntensitat, in the JJenkschriften der Winicr Ahad, der Wiss. Malhem. 
NatU'rwiss. CL Bd, i, 1850, s. 265, 279, 290. It is very remarkable that 
BO accurate an observer hh Quetelet should have found, in a tour which 
he made in the year 1830, that tlie horizontal intensity increased with 
the height, in ascending from Geneva (where it was 1.080), to the 
Col de Balne (where it was 1.091), and to the Hospice of St. Bernard 
where it was as high as 1.096). See Sir David Brewster, Treatise on 
Magn, p. 275, 
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care is taken to obtain corrections for tomperatnre in the 
needles that are en^ployed both before and after the ascent. 
The neglect of such a correction has led to the erroneous 
result deducible from Gay-Lussac’s experiments, that the 
magnetic force I’cmains the same to an elevation of more 
than 22,000 feet,^^ Avhilst conversely the cxpeinment sJiowed 
a deci'case in the force on account of the shortening of the 
oscillating needle in the upper cold region.^® Faraday’s 
brilliant discovery of the jiavainaguctic force of oxygen must 
not be disregarded in the discussion of this subject. This 
great physicist shows that in the upper strata of the atmo¬ 
sphere, the decrease in the intensity cannot be sought merely 
in the original source of the force, namely the solid earthy 
but that it may equally arise from the excessively rai-efiod 
condition of the air, since tlie quantity of oxygen in a cubic 
foot of atmosplieric air must cliiler in the uj)pe]' and lower 
strata. It seems to me, howcA'cr, tliat avo are not jxistified 
in assuming more than this—that the ilecrcase of the para¬ 
magnetic j)ropcrty of the oxygenous j)arts of the atmosphere 
Avhich diminish Avith the elevation and Avith the rai'efac- 
tion of the air, must be regarded as a co-operating modifying 
cause, A Itei’atious of temperature and density through the 
ascending currents of air may further alter the amount of 
this inllucnco.^® Such dishu'hanccs assume a variable and 
specially local character, and they opci-atc in the atmosphex’e 
in the same manner as different kinds of rocks upon the 
surface of the earth. With every adA'ance Avhich Ave may 
rejoice in having made in our knowledge of the gaseous 
envelope of dur planet and of its physical properties, avc at the 
same time loam to IcnoAV ncAv cau'^es of disturbance in the 
alternating mutual action of forces, AAdiicli should teach us 
how cautiously avo ought to draAv our conclusions. 

The intensity of the terrestrial force, Avhen measured at 
definite points of the sui'facc of our planet, has, like all the 
phenomena of terrestrial magnetism, its horary as avoU as its 
secular variations. The horary A^ariations were distinctly 

Annalcs de CJdmie, t, IH, 1805, pp. 8G—87. 

Araj^o, in the Aiinnaire dii Bunnu de^ Longitudes 183G, 

p. 287; Forbes, in the Edm, Tranmet. vol. xiv, 1840, p. 22. 

Fiiraday, Exper, RcMvchesi in Elcctricif^j 1351, pp. 53, 77, §§ 2881, 
29G1. 
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recognized by Pai'iy during his third voyage, and also, con¬ 
jointly witli him, by Lientonant Foster (]82r>) at Port 
Bowen. The increase of intensity from morning till evening 
in the mean latitudes hns been made an object of the most 
carefid iuN estigatlon by Christie, Arago, ilansteen, Gauss, 
and KupITtu'. As horizontal oscillations, notwithstanding 
the great improvcTnonts which have heen made in the present 
day in the dipping-needle, are proferabhi to oscillations of the 
lattcr'kind, it is not possible to ascertain the horary varia¬ 
tion of the total intensity without a very accurate knowledge 
of the horary vai'iation of the dip. The establishment of 
inamioiic stations, in the northern and the southern hemi- 
tqdiere, has afforded the gi'oat advantage of yielding the 
most abundant, and, iucomparatively, the most accurate 
results. It will be siillicient here to instance two points of 
the earth’s suvCace, which are both situated Avitbout the 
tropics, and almost in equal latitudes on either side of the 
equator—namely, Toronto, in Canada, 43'' 3!J' N. lat., and 
Ilobarton, in Yaji Diemen’s Laud, in 42'' 53' S. lat., with a 
diflercnce of longitude of about 15 hours. The simultaneous 
horary magnetic obsei‘vatio}is belong at the one station to 
the winter mouths, Avliilc at the other they fall witJiin the 
period of the summer months. While measurements arc 
made at the one place during the day, they are being simul¬ 
taneously carried on at the otlier station for the most part 
during: the night. The valuation at Toronto is 1'^ 33^ West: 

no 7 


at Hobarton it is 9^ 57^ Fast; the inclination and the iuten- 


nity are similar to one another ; the former is, at Toronto, 
about 75'^ 15' to the north, and at ITobni’ton about 70° 34' to 


the south, whilst the total intensity is 13’D0 in the absolute 
scale at Toronto, and 13'5G at Ilobarton. It would appear 
from Sabine’s investigation, that these '^ell-choscn stations 
exhibit^® four turning points for the intensity in Canada, and 
only two such points for Van Diemen’s Land. At Toronto, 
the variation in intensity reaches its principal maximum 
at G and its principal minimum at 2 a.m. ; a weaker 


Christie, in the Phil. Ti'ftn.wf. for 182.'5, p. 49. 

Sabine, On Periodical haws of the Lnnjer Magvetic DisturhanceSi 
in the/V/;7. Transact, for 1851, pt. i, p. 126, and on the Annnal Varia^ 
lion of the Magn. Declin. in the Phil. TrauHtirt. for 1851, pt. ii, p. 636, 
Observ. made at the Mugn, and MetcoroL Observatory at Toivnto, 
vol. i (1810- 1842), p. bdi. 
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secondaiy maximum at 8 A.M., and a Aveakei' secondary 
minimum at 10 a.m. The intensity at Hoharton, on 
the contrary, exhibits a simple progression from a maxi¬ 
mum between 5 and 6 p.m. to a minimum between 8 
and 9 a.m.; although the incliiiation there, no less than 
at Torojito, exhibits four turning points By a com¬ 
parison of the variations of inclination, with those of tlie 
horizontal force, it has been established that, in Canada, 
during the winter months, Avhen the suii is in the southern 
signs of the zodiac, the total teri'estrial force has a greater 
intensity than in the summer mouths, Avhilst in Van 
Diemen’s Land the intensity is greater than the mean annual 
value—that is to say, the total terrestrial force —from 
October to February, which constitutes the summer of the 
southern hemisphere, Avhile it is less from April to August. 
According to Sabine,this intensity of the terrestrial mag¬ 
netic force is not dependent on diflercnces of toun)crature, 
but on the lesser distance of tJio magnetic solar body from 
the earth. At Ilobarton, the intensity during the summer 
is 13.r574 in the absolute scale, whilst during tlie winter it is 
13.543, The secular variation of intensity has hitherto been 
deduced from only a small number of observations. At 
Toronto, it appears to have sufiered some decrease between 
T845 and 1849, and the coniparison of my own observations 
with those of Rudberg, in the years 180G and I83:i, give a 
similar result for Berlin. 


^ SaLine, in Magyi. and Meteor. Ohscrvatlons at Ilobarton^ vol. i, 
p. Ixviii, “.There is also a corrcspondeucje in the range and turning 
Lours of the diurnal variation of the total force at Hoharton and at 
Toronto, although the pi'ogression a double one at Toronto and a 
single ^nc at Hoharton.” The time of the maximum of intensity falls 
at Hoharton between 8 and 9 a.m.; whilst the .secondary or lesser mini¬ 
mum falls at Toronto about 10 a.m , and eonsetpiontly the increase and 
diminution of the intensity fall within the same lionrs in acccuxlaucc 
with the time of the place, and not at opposite hours, as is the case 
with respect to the inclination and the declination, See, regarding the 
causes of this phenomenon, p. Ixix (compare also Farinlay, xitnwspheric 
Magnetism, § § 3027—3034). 

Phil. Transact, for 1850, pt. i, pp. 215—217; Mafpict. Ohscn\ 
at Ilobarton, vol. ii, 1852, p. xlvi. See also p. 22 of the juesent 
volume. At the Cape of Good Hope the intensity presents loss dilfer- 
ence at Opposite periods of the year than the inclination {Magnet. 
Ohserv. made at the Cape of Good Hope, vol. i, 1851, p. Iv). 

22 See the magnetic part of my work on Asic Ctnirak, t, iii, p. 442. 
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Inclination, 

Tlio knowledge of the isoclinal curves, or lines of equal 
inclination^ iis well as the more rapid or slower increase of 
the inclination by wliich they are determined, (reckoning 
from the mngnctic equator whore tlie inclination = 0 to 
the iiortliernand southern magnetic polo where the horizontal 
force vanislies,) lias acquired additional importance in modern 
times, since the element of the total inugnctic force cannot 
be deduced from the horizontal intensity, which requires to 
be measured with excessive accura<;y, unless weave pl’c^dolls]y 
well acquainted with tlie iucliiiatiou. The knowledge of the 
geographical position of both magnetic poles is due to tlio 
observations and scientific energy of the adventurous navi¬ 
gator. Sir James Iloss. Il ls ohservations of the northern 
magnetic pole were made during the second expedition of 
his uncle, Sm John Ross (1829—lcSo3),^^ and of the southern 
during the Antarctic expedition under his own command 
(1839—1843). The northern magnetic pole in 70"^ 5'lat., 
96° 43'W, long., is 5° of latitude fiirthcr from the ordinary 
pole of the earth than the southern magnetic ])'olo, 75° 35' lat., 
154^10'E. long., whilst it is also situated fiu'ther wi'st from 
Greenwich than the northern maguotie pole. The latter bo- 
1 ongs to the gi'cat island of Boothia Felix, Avhich is situated very 
near the American continent, and is a poitiou of the district 
which C>a]jtain Barry had previously named North Somerset. 
It is not far distant from the western coast of Foothia Felix, 
near the promontoiy of Adelaide, which extemk into Kiiig 
William’s Sound and Victoria Sti'ait. The southern mag- 
aietic pole has not been directly reached in the same manner 
as the northern pole. On the 17th of Fti)ruary, 1S41, the 
Erebus penetrated as far as 7G° 12' R. lat, and 164° E. long.. 
As the inclination was here only 88° 40', it was assumed that 
the Bouthei'u magnetic jjole was ti])out 1 GO nautical miles 
distant.Many accurate observations of declination, deter- 

Sir John Lairow, Arctic Vof/n^es of Jjlscoverr/, 1S46, pp. 621— 

629. 

24 The strongest incliTjati()n which lias as yet been observed in 
the Siberian continent, is 82° 16', winch wms found by Middendorf, on 
the river Taimyr, in 74° 17' K. lat, and 95“ 40' E. long. (Middend. 
Siler. Ileke, th. i, s. 194). 

Sir James Koss, Voyage to the Antarctic JlcgionSf vol, i, j). 216, 
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mining the intersection of the magnetic meridian, render it 
very j)rol)able that the south magnetic ]>ole is situated in 
the interior of the great antarctic region of South Victoria 
Land, west of tlie Prince Albert mountains, which approach 
the south polo, and arc connected with the active volcano of 
Erebus, which is 12,400 feet in height. 

The position and change of form of the magnetic equator, 
that is to say, the line on which the dip is null, were very 
fully consido’ed in the Picture of Nature, Cosmos, vol i., 
p. 176. The earliest determination of the African node 
(the intersection of the geograi)hical and magnetic equators) 
was made by Sabine*® at the hegiiming of his pendulum 
expedition in 1822. Suhsequeutly, in 1840, the sainelearu«d 
observer noted down the results obtained by Puperrey, 
Allen, Dunlop, and Sulivan, and constructed a chax't of tbo 
magnetic equator*^ from tlie west coast of Africa at Biafra, 
(4^N. lot. 9*^ 30'E. long.) tlirough the Atlantic Ocean and 
Brazil (16^ S. lat., between Porto SeguroandRio Grande,) to 
the j)oint where, uj)ou the Cordilleras, in tlie neigld)Ourhoocl 
of the Pacific, I saw' the nortliern inclination assume a 
southern direction. TJie African node, as the point of inter¬ 
section of both equatoi's, was situated, in 1837, in 3*^ E. long., 
while, in 1825, it had been in G®57'E. long. The secular motion 
of the node, tuimhig from the basaltic island of St. Thomas, 
which rises to an elevation of moi'e than 7000 feet, was there¬ 
fore somewhat less than half a degree westward in the course 
of a year; after which the line of no inclination turned 
towards tl^e north on the African coast, whilst on the Bra¬ 
zilian coast it is inclined southward. The convexity of the 
magnetic equatorial curve is persistently turned towards 
the soi^h pole, while in the Atlantic Ocean it passes at a 
distance of about 16"^ from the geogiaphical equator. For 
the interior of South America, the terra incognita of Matto 

had 60 long cherished tho ambitions hope,'* says this navigator, 
plant the flag of my country on hotli tho magnetic poles of oui globe; 
hut the obstacles which presented themselves being of so insurmount¬ 
able a character was some degi'co of consolation as it left us no grounds 
for self-reproach*’ (p. 247). 

Sabine, PmduL Exper. 1825, p. 476. 

^ Sabine, in the Phil. Tranmcf. for 1810, pt. i, pp. 136, 139, 146. I 
follow for the progression of the African node the map which is 
appended to this treatise. 
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Grosso "between the large rivers of Xingu, Madera, andXJcayle, 
we have no observations of the dip until we reach the chain 
of the Andes, where, GS geographical miles east of the shores 
of the Pacific, between Montan, Micuipampa, and Caxamarca, 
I determined astronomically the jiosition of the magnetic 
equator, which rises towards the north-west (7® 2' S. lat., and 
78^ 46' W. long.) “ 

The most complete series of observations which we pos¬ 
sess in reference to the i)osition of the magnetic equator was 
made by my old friend, DupciTey, during the ycai’s 1823— 
1825. He crossed the equator six times during his voyages 
of circumnavigation, and ho was enabled to determine this 
line by his own observations over a space of 220“^.*® Accord¬ 
ing to Duperrey’s chart of th(3 magnetic equator, the two 
nodes are situated in long. 5^ 50' E. in the Atlantic Ocean, 
and in long. 177*^ 20' E. in the Pacific, between the meri- 

^ I here give, iu accordance ■with iny visual ])racticc, the elements of 
this not wholly unimportant determination : Micuipampa, a Peruvian 
mountain town at the foot of Corro de Guclgayoo, celebrated for its 
rich silver mines, 6° 44' 25" 8. lat., 7S° 33' 3" VV, long., elevation above 
the Pacific 11,872 feet, magnetic inclination 0®.42 uortli (according to the 
centesimal division of the circle); Caxamarca, a ttuvn situated on a 
plateau at an elevation of 93G2 feet, 7° S' 38” S. lat., 5h 23'42” long., 
inclination 0.15 south; Montau, a farm-houBe (or haaenda), surrounded 
by Llama flocks, situated in the inuht of»mountains, 6® 33' 9” S* 
lat., 6h 26' 61” W. long,, elevation 3571 feet, inclination 0.70 north; 
Tomependa, on the mouth of the Chinchipc, on the river Amazon, iu 
the province of Jacu de Bracamoros, 5® 31' 28” S. lat., 78^37' 30" W. 
long., elevation 1324 feet, inclination S'".55 norths TruxiJh), a Peru¬ 
vian town on the Pacific, 8° 5' 40" S. lat., 79° S' 37” W. long., inclina¬ 
tion 2°.15 s(5uth. Humboldt, Jlcrnell d*Obiie)*v. Anfron,^ (Nivollemenh 
Barom<5tri<iue ct Geod<?sique) vol. i, p. 316, No. 242, 244—254, For 
the basis of astronomical determinations, obtvined by altitudes of the 
stars and by the chronometer, see the same work, vol. ii, pp. 379—391* 
' The result of my observations of inclination iu i802, in 7° 2' S. lat., and 
78“ 48' W. long., accords pretty closely by a singular coincidence, and 
notwithstanding the secular alteration, with tlie conjecture of Lo 
Monnier, which was ba.sed upon tlu^oretical cnlculation. He says, ''the 
magnetic equator must be in 7“ 45' nortli of Lima, or at most in 6® 39' 
S. lat., in 1776**(Xoia du> Magn6tisme coMj^aries anx Ohservations, pt. ii, 
p. 59), 

Saigey, 9ur VEquateur Magn6tique d'a/prls les Ohserv. du 
Capitaine D'\i/pemy, in the Annates Maritimes et Coloniaks, Dec. 1883, 
t. iv, p. 6. Here it is observed that the magnetic cijuator is not a curve 
of equal intensity, but that the intensity varies in different parts of this 
equator from 1 to 0.867. 
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diaus of the Fejee and Gilbert Islands. While the magnetic 
equator leaves the western coasts of the South Amcricau 
continent, probably between Punta de la Aguja and Payta, 
it is constantly drawing nearer in the west to the geogra¬ 
phical equatoi’, so that it is only at a distance of '2'^ from it 
in the meridian of the gioup of the Mendana Islands.®® 
About 10*^ farther west, in the meridian which passes 
through the western part of the Paumotu Islands (Low 
Archipelago) lying in 153° 50' E. long.. Captain Wilkes 
found that the distance from the geographical equator in 
1840 was still fully 2°.®^ The intersection of the nodes in 
the Pacific is not as much as 180° from that of the Atlantic 
nodes, that is to say, it does not occur in 174° 10' W. longi, 
but in the meridian of the Fejee Islands, situated in about 
177° 20' E. long. If, tliereforc, we pass from the west coast 
of Africa, through South America westward, we shall find 
in this direction that the distance of the nodes from one 
another is about 8^° too great, Avhich is a jiroof that the 
curve of which we are here speaking is not one of the 
great circles. 

According to the admirable and comprehensive determi¬ 
nations which were mado by Captain Elliot from 1846 to 
1849, between the meridians of Batavia and Ceylon, and 
which coincide in a remarkable manner with those of Julca 
de Blosscvillo (see page G4), it would appear that the 
magnetic equator passes through the northern point of 
Borneo, and almost due west into the northern point of 
Ceylon, in p° 45' N. lat. The curve of minimum total in¬ 
tensity runs almost parallel to this piui; of the magnetic 
equator,®* which enters the western part of the continent of 
Africa, 'South of the Cape of Gardafui. This important re¬ 
entering point of the curve has been determined with great 
accuracy by Rochet dTIdricourt on his second Abyssinian 
expedition, fi-om 1842 to 1845, and by the interesting dis- 

This position of the magnetic equator was confirmed by Erman for 
the year 1830. On his return from Kamtscatka to Europe, he found 
the inclination almost null at 1“ 30' S. lat., 132° 37' W. long.; in 1° 52' S. 
lat., 136° 10'W. long.; in 1° 54'lat., in 133° 45'W. long.; in 2* 1' S. lat., 
139° 8' W. long. (Erman, Magnet Beoh. 1841, s, 636). 

Wilkes, United States Exploring Expedition, vol. iv, p. 263. 

Elliot, in the Phil. Transact, for 1851, pt. i, pp. 287—331. 
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cussion to which his magnetic observations gave rise.” This 
f)oiat lies south of Gaubade, between Angolola and Angobar, 
the capital of the kingdom of Schoa, in 10'^ 7' N. lat., and in 
41“ 13' E. long. The course of the magnetic equator in the 
interior of Africa, from Angobar to the Gulf of Biafra, is as 
thoroughly unexplored as that in the interior of South 
America, east of tlio chain of the Andes, and south of the 
geographical equator. Both these continental districts are 
nearly of equal extent, measured from east to west, each 
extending over a sjace of about 80“ of longitude, so that wo 
are still entirely ignorant of the magnetic condition of nearly 
one quarter of the earth’s circumference. My own observa¬ 
tions of inclination and intensity for the whole of the in- 
tei’ior of South Atucrica, from Cumana to the Rio Negro, as 
well as from Cartagena de India,s to Quito, refer only to the 
tropical zone north of the geograi>hical equator-, while those 
which I made rtr the southeirr hcrni.sphcre, from Quito as far 
as Lima, were limited to the district lying near the western 
coast. 

The translatioir of the African node towards the west from 
1825 to 1837, which we have already indicated, has been con¬ 
firmed on the eastern coasts of Africa by a coinjiar isoir of the 
inclination-observations made by Banton, in the year 1776, 
with those of Rochet d’lfericourt. The latter observer 
found the magnetic equator much nearer the Straits of Bah-el- 
Mandcb, namely, 1“ south of the island of Socotor-a, in 8“ 40^ 
N. lat. There was, therefore, an alteration of 1“ 27' lat. for 
49 years, whilst the corresponding altc’-ation in the longitude 
was determined by Arago and Dupen-ey to have been 10“ 
from east to we.st. The direction of the secular variation of 
the nodes of the magnetic equator on tjie eastern \joast3 of 
Africa, towards the Indian Ocean, was jirccisely similar to 
that on the western coast. The quantity of the motion 
must, however, he ascertained from much more accurate 
results than we at present possess. 

The periodicity of the alterations of the magnetic inclina¬ 
tion, whose existence bad been noticed at a much earlier 
period, has only been established with certainty and 
thorougli completeness within the last twelve years, since 
the erection of British magnetic stations in both hemispheres. 

Duperrey, in the C'oviptes rendus, t. xxii, 1846, pp. 804—806. 
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Arago, to whom the theory of magnetism is so largely in¬ 
debted, had indeed recognised, in the autumn of 1827, “ that 
the dip was greater at 9 a.m. than at 6 p.m., whilst the inten¬ 
sity of the magnetic force, when measured by the oscilla¬ 
tions of a horizontal needle, attained its minimum in the 
first, and its maximum in the second period.”®* In the 

In a letter from Arago to myself, dated Mayenco, 13th of Decem¬ 
ber, 1827, he writes follows:—“I have definitely proved during the 
late Aurora) boreales, which ha\el)een seen at Paris, that this pheno¬ 
menon is always accompauied by a variation in the j)ositiou of the hori¬ 
zontal and dipping needles, as well as in intensity. The changes of 
inclination have amounted to 7' or 8'. To cfi'ect this cliauge, after 
allowing for every change of intensit}', the horizontal needle must 
oscillate more or le^s rapidly, according to the time at which the obser¬ 
vation is made, but in correcting the results by calculating the imme¬ 
diate efiects of the inclination, there still remained a sensible variation 
of intensity. On repealing by a new imdhod the diurnal obseiwatiou of 
inolijiation, on which T was engaged during jmur late visit to Paris, I 
found a regular \aiiation, not for the means but for eacU day, wliich 
was greater in the morning at nine than in the evening at six. You 
are aware that the intensity, measured ivith the knriz,nntal Ticcdle, is on 
the contrary at its vthitmum at the first period, while it attains ita 
maximum between six and seven in the evening. The total ^anation 
being very amall, one might suppose that it was merely due to a 
change of inclination ; and, indeed, the gi’catesb portion of the apparent 
variation of intensity de])erids upon the diurnal alteration of the hori¬ 
zontal component, but, when every correction has been made, there 
still remains a small quantity as an indication of a real variation of in- 
tenaityJ' In another letter, which Arago wrote to me from Paris on the 
20th of March, 1820, shortly before my Siberian expedition, he expressed 
himself as follows am not surprised that you shtnild have found 

it difficult to*recognise the dinnial change of inclination, of which I 
have alreaily spoken to you, in tho winter months, for it is only during 
the wanner j)ortions of the year that this variation is sufficiently sen¬ 
sible to 'Be observed with a lens. I would still insist upon the fact, 
that changes of inclination are not sufficient to explain the change t'f 
intensity, deduced from the observation of a horizontal needle. An 
augmentation of teniperaturo, all other circumstances remaining tho 
flame, retards the oscillations of the needles. In the evening, tho tem¬ 
perature of my horizonhil needle is always higher than in tho morning; 
hence the needle must on that account make fewer oscillations in a given 
time in the evening than in tho morning; in fact it oscillates more fre¬ 
quently than we can account for by the change of inclination, and hence 
there must be a real miguxmiation of intensity from morning till evening 
in the terrestrial magnetic force.” Later and more numerous observa¬ 
tions at Greenwich, Berlin, St. Petersburg, Toronto, and Hobarton, 
have confirmed Arago's assertion (in 1827) that tho horizontal inteusitv 
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British magnetic stations this opposition and the periodicity' 
of the horary variation in tlic dip have been firmly estab¬ 
lished by several thousand regularly prosecuted observationSr 
which have all been submitted to a careful discussion since 
1810. The j)reseut would seem the most fitting place to 
notice the facts tliat have been obtained as materials ou 
which to base a general theory of terrestrial magnetism. 
It mustj however', first be observed, that if we consider the 
periodical variations which are recognised in the three ele¬ 
ments of terrestrial magnetism, we must, with Sabine, dis¬ 
tinguish in the turning hours at which the maxima or 
minima occur, two greater, aud therefore more important, ex- 
•tremes, and other slight variations, which sc(im to be inter¬ 
calated amongst the others, as it were, and wliicli are for tho 
most part of an irregular character. The recurring move¬ 
ments of the horizontal and dipping needles, as well as tho 
variation in the intensity of the total force, consequently 
present principal and secondaiy maxima or minima, anti 
generally some of either type, which therefore constitutes a. 
double progrcvssion with lour turning hours (the ordinary 
case), and a simple progression with two turning hours, that 
is to say, with a single maximum and a single mirjimum. 
Thus, for instance, in Van Diemen’s Land, the intensity or 
total force exhibits a simple progression, combined with a. 

was greater in the evening than towaids morning. At Greenwich the- 
principal maximnm of the horizontal force was about 6 P.U., the prin¬ 
cipal minimum about 10 a.m. or at noon; at vSchulzcmlorf, near Berlin, 
the maximum falls at 8 r.M., the minimum at 0 a.m.; at St. Petersburg 
the max. falls at 8 r.M., the min. at llh. 20m. a.m. ;*at Toronto the 
max. falls at 4 r.M., the min. at 11 a.m. The time is always rec¬ 
koned according to the true time of the respective places (Airy, Magn^ 
Ohscrv, at Ch'cenwlch for 184/3, p. 13; for 1846, f : 102 ; for lS47, p. 241; 
Kiess and Moser, in Poggend. Annafen, Bd. xix, 1830, s. 175; KupfFer^ 
Compterendib Annuel de VObsenKUoire Uentrale Magn, de iSY. Petersh. 
1852, p. 28; aud Sabine, Magn. Observ, at Toronto, vol. i, 1840—1842, 
p. xlii). The turning hours at the Cape of Good Hope and at St. Helena, 
where the horizontal force is the weakest in the evening, seem to b& 
singularly at variance, aud almost the very oppo.site of one another 
(Sabine, Magn, Obs, at the Cape of Good hope, p. xl, at St. Helena^ 
p. 40), Such, however, is not the case further eastward, in other parts 
of the great southern hemisphere, ‘'The principal feature in the 
diurnal change of tlie horkontal force at Hobarton is the decrease of 
force in the forenoon aud its subsequent increase in the afternoon'^ 
(Sabine, Magn. Ohs. at Uobarton, vol. i, p. liv, vol. ii, p. xliii). 
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dolible progression of the inclination, while at one part of 
the noithern hemisphere, which con-esponds exactly with 
the position of Hoharton, namely, Toronto, in Canada, hoth 
the elements of intensity and inclination exhibit a double 
progression.®® At the Cape of Good Ho 2 m there is only one 
maximum and one minimum of inclination. The horary 
periodical variations of the magnetic dip are as follows :— 

I. Northern Ilcmisphere. 

Greenwich: IMaxim. 9 a.m. ; minim. 3 P.M. (Airy, Ohserv. 
in 1845, p. 21; in 1S4G, p. 113 ; in 1847, p. 247). Inclin. 
in the Inst named year about 9 a.m. on an average 08'’ 50' 3", 
hut at 3 r.M. it Avas 08 ’ 58' 6". In the monthly A^ariation* 
the maximum falls betAveen April and June and the mini¬ 
mum between October and Oecembei*. 

Paris : Maxim. 9 a.m. ; minim. 0 p.m. This simple pro¬ 
gression from Paris and Greenwich is repeated at the Cajie 
of Good Hope. 

St. Petersburg : Maxim. 8 a.m.; minim. 10 p.m. Varia¬ 
tion of the i)iclination the same as at Paris, Greenwich, and 
Pekin; less in the cold months, and the maxima more closely 
dejxjiident on time than the minima. 

Toi'onto; Principal maxim. 10 a.m. ; principal minim. 
4 P.M. ; secondary maxim. 10 p.m.; secondary minim. 6 A.M. 
(Sabine, Tor. 1840—1842, vol. i, p. Ixi.) 

II. Southern Hemisphere. 

Hoharton, Van Diemen’s Land : j^rincipal minim. G A.M.; 
princij)al maxim. 11.30. a.m. ; secondary minim. 5 p.m. ; second¬ 
ary maxim. 10 P.M. (Sabine, Hob., vol. i, p. Ixvii.) The incli¬ 
nation is greater in the summer when the sun is in the southern 
zodiacal signs, 70° 36'.74 ; it is smaller in winter when the 
sun is in the northern signs, 70°34'.66. The annual mean 
taken from the obserAmtious of six years gh’-es 70° SG'.Ol. 
(Sabine, Hoh., vol. ii, p. xliv.) Moreover the intensity at 
Hoharton is greater from October to February than from 
April to August, p. xlvi. 

Cape of Good Hope : Simple progression, the minim, being 
0 h. 34 m. P.M. ; maxim. 8 h. 34 m. p.m., with an exceedingly 

“ Sabine, Hohartm, vol. i, pp. Ixvii, Ixix. 



110 


COSMOSf. 


small intermediate variation between 7 and 9 (Sabine^ 
Cape Ohs. 1841—1850, p. liiL) 

• The phenomena of the turning liours of the maximum of 
the inclinations expressed in the time of the place, fall with 
remarkable regularity between 8 and 10 a.m. for places in 
the northern hemisphere, such as Toronto, Paris, Greenwich, 
and St. Petersburg, whilst in like tnanner the minima of the 
turning hours all fall in the afternoon or evening, although 
not within e(pially narrow limits (at 4, 6, and 10 p.m.). It is 
so much the more remarkable, that in the course of very 
accurate observations nuulo at Greenwich during five years 
there was one year, 1815, in winch the epochs of the maxima 
and minima were reversed. The annual mean of the in¬ 
clinations was for 9 a.m. : 68*^ 56'.8, and for 3 p.m,: G8^ 58M. 

When we compare together the stations of Toronto and 
Hobarton, which exhibit a corresponding geographicfil posi¬ 
tion on either side of the equator, avo find that there is at 
Hobarton a great (blTercnce in the turning hours of the prin¬ 
cipal minimum of inclination (at 4 o’clock iu the afternoon 
and G o’clock in the morning), althougli such is not the case 
in the turning hours of the principal maximum (10 and 
11, 30 A M.). The period of the principal minimum (G A.M.) at 
Iloharton coincides with that of tlie secondary minimum at 
Toronto, The pruicipal and secondary maxima occur at 
both places at the same hours, between 10 and 11. 30 a.m. 
and 10 P.M. The four turning hours of the inclination occur 
almost precisely the same :it Toronto as at ITobai*ton, only 
in a reversed order (4 or 5 p.m., 10 p.m., G a.m.^ and 10 or 
11. 30 A.M.) This complicated eirect of the internal terres¬ 
trial force is very remarkable. If, on tlie other hand, we 
compare Hobarton and Toronto in rospt^t to the order in 
Avhich the turning hours of the alterations of intensity and 
inclination occur, we shall find tliat at the former place in 
the southern hemisphere the minimum of the intensity 
follows only 2 hours after tlie principal minimum of the 
inclination, whilst the delay in the maximum amounts to 
G hours, Avhile in the northern hemisphere, at Toronto, the 
minimum of intensity precedes the principal maximum of 
inclination by 8 liours, whilst the maximum of intensity 
differs only by 2 hours from the minimum of inclination.^ 

^ Total intensity at Hobarton, max. 51i. 30m. p.m., min. 8h. 30ni, a.m.; 
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The periodicity of incliuation at the Cape of Good Hope 
does not coincide with that at Hohartou, which lies in the 
same hemisphere, nor with any one ])oint of the northern 
hemisphere. The minimum of inclination is indeed reached 
at an hour at which the needle at Hobarton has very nearly 
reached the maximum. 

For the determination of the secular variation of the 
inclination, it is necessary to have a series of observations 
that have not only been conducted with extreme accuracy, 
but which have lilccwise extended over long intervals of time. 
Thus for instance, we cannot go with certainty as far back 
as the time of Cook’s Amyages, for although in his third 
expedition the poles were always reversed, Ave frequently* 
observe differences of 40' to 55' in the observations of thi& 
great navigator and of Bayley on the Pacific Ocean, a dis¬ 
crepancy which may* very probably be referred to the imjier- 
fect construction of the magnetic needle at that time, and to 
the obstacles which then prevented its free motion. For 
London we scarcely like to go finther back than Sabine’s 
observation of August 11321, A'/hich compared with the 
admirable determination made by him.self. Sir James Boss 
and Fox in May 183S, yielded an annual decrease of 2'.73, 
Avhilst Jdoyd Avith equally accurate instruments, but in a 
shoricr iiitervtd of time, obtained at Did)lin, the very accord¬ 
ant result of 2'.38.” At Paris, where the annual diminution 
of inclination is likewise on the decrease, this diminution is 
greater than in London. The very ingenious methods sug¬ 
gested by Co,ulomb for determining the ilip, had indeed led 
their inventor to incorrect results. The first observation 
which Avas made AAuth one of Le Noir’s perfect instruments 
at the Paris Observatory, belongs to the year 1798. At that; 
time I found, after often repeating the experiment.s conjointly 
with the Chevalier Borda 09® 51'; in the year 1810, in con¬ 
junction with Arago, I found 08° 50'.2, and in the year 
1826, with Mathicu, G7° 56'.7. In the year 1841, Arago 
found 67° 9', and in the year 1851, Laugier and Mauvais 

at Toronto, principal max. 6 r.u., principal min. 2 a.m., secondary max. 
8 A.M., secondary min. 10 a.m. See Sabine, Toronto, vol. i, pp. Ixi, Isii, 
and Hobarton, vol i, p. Ixriii. 

^ Sabine, Report on, the leoclinal and Isodynamic Lines in the British 

hlmdi, 1839, pp. 61—03. 
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found 35': all these observers adopting similar methods 
and using similar instruments. This entire period which 
extends over more than half a century (from 1798 to 1851) 
gives a mean annual diminution of the inclination at Paris 
of 3'.G9, The intermediate periods stood as follows :— 

From 1798—1810 at ,, ., 5',08 

1810—182G .. .. 3.37 

1826 -1811 .. .. 3.13 

1841—1851 .. .. 3.40 

The decrease between 1810 and 1826 has been strikingly, 
though gradually retarded; for an observation which Gay- 
*Lussac made with extreme care (GO"^ 12') after his return in 
1806 from Pcrlin, whither he laid accompanied mo after our 
Italian expedition, gave an annual diminution of 4'.87 since 
1798. The nearer the node of the magnetic equator approaches 
to the meridian of Paris in its secular progression from east 
to west, the slower seems to be the decrease, ranging in half 
a century from about 5'.08 to 3'.40- Shortly before my 
Siberian expedition in Apill 1829, 1 laid bcfoi'e the Academy 
of Berlin, a memoir, in which I had compared together the 
tlifferent points observed by myself, and which I believe I 
may venture to say, had all been obtained with equal care.^ 
Sabine more than 25 years after me measured the inclination 
and intensity of the magnetic force at the Havanah, which in 
respect to those equinoctial regions, affords a veiy considerable 
interval of time, while he also detennined the variation of 
two important elements. Hansteen, in 1831, gave the 
i-esult of his investigations of the annual variation of the 
dip in both hemispliercs,^^ in a very admirable work which 
is of a more comprehensive nature than-my own. 

Humholdt, in Poggend. Annalcn, Bd. xv, s. 319—336, Bd. xix, 
s. 357—391, and in the Voyage aux JR^yions Equinox, t. iii, pp, 616— 
626. ^ ; 

33 Hansteen, Uehcrjdhrliclie Verdnderung dcr Inclination^ in Poggend. 
Ann. Bd. xxi, s. 403—429. Compare also, on the influence of the pro¬ 
gression of the nodes of the magnetic equator, Sir David Brewster, 
Trtatim on Maynetmn, p. 247- As the great number of observations 
made at different stations have opened an almost inexhaustible field of 
inquiry in this department of special investigation, wo are constantly 
meeting with new complications in our search for the laws by which 
these forces are controlled. Thus, for instance, in the course of a series 
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Althou"li Sir Edward Belcher’s observations for the year 
1838, when compared with those I made in 1803 (sec p. 73), 
along the Western Coast of America, between Lima, Guaya¬ 
quil, and Acapulco, indicate considerable alterations in the 
inclination (and the longer the intermediate period the 
greater is the value of the results), the sCLailar variation of 
the dip at other points of the Pacific has been found to be 
strikingly slow. At Otaheite, Baylcy found in 1773, 29^43' 
and Fitzroy in 1835, 30^ IP, v/hilst Captain Belcher in 1840, 
again found 30° 17', and Imiicc the mean annual variation 
scarcely amounted, in the course of G7 years, to 0'.51/® A 
very careful observer, Sawelieff, found in Northern Asia, 
22 years after my visit to those regions, in a journey which 
he made from Casan to the shores of the Caspian Sea, that 
the inclination to tlie north and south ol the parallel of 50^ 
had varied very iiTcgularly.*^ 


ITumhoIdt. Sawclielf. 

1829. 1851. 

Casan ., GS^ 2G'.7 ..... G8° 30'.8 

Saratow.. 04 40.9 .. .. G4 48 .7 

Sarepta .. G2 15 .9 . . .. G2 39.0 

Astraclian 59 58.3 .. .. GO 27.9 


For the Cape of Good ITopo we now possess an extended 
scries of ohservations, w'hich if w'c do not go further hack 
than from Sir James Boss and du Petit Thouars (1810) to 
Vancouver (1791), may be rogaixlcd as of a very satisfactoiy 
nature in rermcct to the variation of the inclination for nearly 
half a centuiy.*® 

of successive years we sec that the clip passes in one of the turning houra 
—that of *he maximum from a docroaso to an absolute increase, whilst 
in the turning hour of the minimum, the ])i*ogressivc annual decrease 
continued the same. Thus, at Greenwich, the miignetic inclination in 
the maximum hour (9 a.m.) decreased in the years 1844 and 184 
while it increased at the same hour from 1845 to ISlC, and continued 
in the turning hour of the minimum (3 r.M.) to decroaso fi'om 1844 to 
1846 (Airy, Magn, Observ, a6 Greenu'ich, 1846, p. 113). 

Phil. Transact, for 1841, pt. i, p. 35. 

Compare Sawelieff,in the BuHethi Physico-Maih^matiquedeVAcad, 
Imp. dc Bt, Pii&rsb. t. X, 1^0. 219, with. Humboldt, Asie Cenir. t. iii, 
p. 440. ^ ♦ 

Sabine, Magn. Ohserv. at the Cape of Qood Hope, vol. i, p. Ixv. If 
we may trust to the observations made by Lacaille for the year 1761, 
VOL. V. I 
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The solution of the question whether the elevation of the 
soil does in itself exert a perceptible influence on magnetic 
dip and intensity/^ was made the subject of very careful 
investigation during iny mouTitain journeys in the chain of 
the Andes, in the Ui’al, and Altai. 1 have already obsciwed, 
in the section on Maguetie luLeiisity, how very tow localities 
were able to afford any certainty as to thLs question, because 
the distance between tlie to be compared together 

must be so small as to leave no ground for suspecting that 
tlic dillei’cnce found in t])e ineliiiatiou may ho a consequence 
of the elevation of the soil, instead of the result of the cur¬ 
vature of the isodynamic and isoclinal lines, or of some great 
^.peculiarity in the composition of the rocks, I will limit 
myself to the four results which I thought at tlio time they 
were obtained, showed more dccisividy tlian c(uild l»o done 
hy observations of intensify, the influi'nce exerted by eleva¬ 
tion in diminishing the dij) of the noodle. 

The Silla de Caranv;^ wdiich rises almost vertically above 
La Gnayra, and S63S feet above the level of the sea, south 
of tlie coast hut in its immediate vicinity and north of the 
town of Caracas, yielded the inclination of 4L,90 ; La 
Guayra, elevation 10 feet, inclination 42'^.20 j the town of 
Caracas, height ahove the shores of the Jtio Guayre, 2048 
feet, inclination 42^.95. (Humboldt, Joy. mice Htff. 
nocc., t. i, p. G12.) 

Santa .Fe de Bogota: elevation 8735 feet, iuclinatiou 
27M5 ; the chapel of Nuestra Sonora de Guadalupe, built 
upon the projecting edge of a I'ock, elevation 10,794 feet, in¬ 
clination 2G°.80. * 

Popayan : elevation 5825 feet, inclination 23‘^,25; moun¬ 
tainous village of Purace on the declivity of tha volcano, 
elevation 8G71 feet, inclination 21'^.80 ; summit of the vol¬ 
cano of Purace, elevation 14,548 feet, inclination 20°.30. 

Quito: elevation 9541, inclination 14''.85 ; San Antonio 
de Lulumhamba, where the geogi-aphical equator intersects 

who, indeed, alwnys reversed the poles, but who made his observations 
with a needle whicli did not move freely, it follows that there has been 
an increase in the inclination at the Cape of Good Hope of 3®.08 in 
89 years! • 

Arago, in the Annuaire du !Z?u^*ea« des Long, pour 1826, pp, 285 

•~ 288 . 
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the torrid valley, elevation of the bottom of the valley 8153 
feet], inclination 1G“.02. (All the above-named inclinations 
have been expressed in decimal pai'ts of a degree.) 

It might perhaps be deemed unnecessary, considering the 
extent of the relative distances and the influence of the 
neighbouring kinds of rock,** for me to enter fully into the 
details of the following observations : the Hospice of St. 
Gotthard, 7087 feet, inclination 6G'' 12'; compared with 
Airolo, elevation 3727 feet, inclijiation 66'^ 54', and Altorfj 
inclination GG° 55'; or to notice the apparently contradictory 
data yielded by Lans le Bourg, inclination 66^ 9', the Hospice 
of Mont Cenis, G67G foot, inclination 66“ 22', and Turin 754 
feet, inclination 66“ 3'; or by Naples, Poi-tici and the margin of 
the crater of Vesuvius; or by the summit of the Great Mili- 
schauer (Phonolith) inclination 67“ 53'.5, Teplitz inclination 
67“ 19'.5, and Prague inclination 66“47'.6.** Simultaneously 
with the series of admirable comparative observations pub¬ 
lished with the fullest details of the hon’zontal intensity, 
which were made in 1844 by Bravais, in conjunction with 
Martina and l^epileur, and compared at 35 stations, includ¬ 
ing the summits of Mont Blanc (15,783 feet), of the Great St. 
Bernard (8364 feet), and of the Faulhorn (8712 feet), the 
above-named physicists made a series of inclination experi¬ 
ments on the grfind plateau of Mont Blanc (12,893 feet), and 
at Chamouni (3421 feet). Although the comparison of these 
results showed that the elevation of the soil exerted an in¬ 
fluence in diminishing the magnetic inclination, observations 
made at the Faulhorn and at Brienz (1870 feet in eleva¬ 
tion) showed the opposite result of the inclination increasing 
with the height. The different investigations on horizontal 
intensity and inclination failed to yield any satisfactory 
solution of the problem. (Binvais, liur Vlntmsite du Mag- 
iielisme Terrestre en France, en Suisse, et en Savoie, in the 
Annales de Ckiinic et de Physique, 35me s6rie, t. xviii, 1846, 
p. 225.) In a manuscript Teport by Borda of his expedition 

** I Would again repeat that .all the European observations of incli¬ 
nation which have been given in this page have been reckoned according 
to the division of the circle into 360 parts, and it is only in those obser¬ 
vations of inclination which I made myself before the month of June, 
1804, in the New Continent, that the centesimal division of the arc has 
been adhered to ( Voy. aux Jiegion-a Equinox., t. iii, pp. 616—623). 
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to the Canary Islands, in the year 1776, which is preserved 
at Paris in the Depot de la Marine^ and which I have been 
enabled to consult through the obliging courtesy of Admiral 
Rosily, I have discovered that Borda was the first who made 
an attempt to investigate the influence of a great elevation 
on the inclination, lie found that the inclination was 1^ 15' 
greater at the summit of the Peak of Teneriffe than in the 
harbour of Santa Cruz, owing undoubtedly to the local 
attractions of the lava, as I have often observed on Vesuvius 
and difterent American volcanoes. (Humboldt, Voy. ausi 
Dtgions Equinox.^ t, i, pp. IIG, 277, 288.) 

In order to try wlicther the deep interior portions of the 
•body of the earth influence magnetic inclination in the samo 
manner as elevations above the surface, I instituted an ex¬ 
periment during my stay at Freiberg, in July 1828, with all 
the care that I could bestow upon it, and with a constant 
inversion of the polo>s ; when I found after very careful in¬ 
vestigation that the neighbouring rock, which was composed 
of gneiss, exerted no action on the magnetic needle. The 
depth below the surface w'as 854 feet, and the difference 
between the inclination of the subterranean parts of the 
mine and those points which lay immediately above it, and 
even with the surface, was only 2^06 ; but considering the 
care with which my experiments wei’e made, I am inclined 
to think from the results given for each needle, as recorded ia 
the accompanying note,** that the inclination is greater in 

^ In the Cliurprinz mine at Freiberg, in the mountjius of Saxony, 
the subterranean point was 133^ fathoms deep, and was observed with 
Freicslcben and Reich at r.M. (temperature of the mine being 
60''.08 F.). The dipping needle A showed 67® 37'.4, the needle B 
67® 32'.7, the mean of both needles in the mintfwas 67® 35'.b5. In the 
open air, at a point of the surface whicli lies immediately above the 
point of subterranean observation, tlio needle A stood at 11 a.M. at 
67® 33^87 and the needle E at 67® 32'.12. The mean of both needles 
in the upper station was 67® 32'.00, the temperature of the air being 
60®.44 F., and the difference between the upper and lower result 
2^06. The needle A, which, as the stronger of the two, inspired mo 
with most confidence, gave even 3'. 53, wlulst the influence of the depth 
remained almost inappreciable when the needle B only was used (Hum¬ 
boldt, in Poggend. AnnaL Bd. xv, s. 326). I luivo already described in 
detail, and elucidated by examjjles, in Ask Centr, t. iii, pp. 465—467, 
tbe uniform method which I have always employed in reading tho 
azimuth circle in order to find the magnetic meridian by corresponding 
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the Churprinz mine than on the surface of the mountain. 
It would be very desirable if opportunities were to present 
themselves in cases, where there is evidence that the rock 
has not exerted any local influence on the magnet, for care¬ 
fully repeating my experiments in mines, in wliich, like tlioso 
of Valenciana near Guanaxuato in Mexico, the vertical 
depth is 1686 feet; or in English coal mines nearly 1900 
feet deep, or in the now closed shaft at Kuttenberg in 
Bohemia, 3778 feet in depth. “ 

After a violent earthquake at Cumana on the 4th of 
November, 1799,1 found that the inclination was diminished 
0°.90, or nearly a whole degree. The circumstances under 
which T obtained tins result, and which I have elsewhere* 
fully described, afford no sufficient ground for the suspi¬ 
cion of an error in the observation. Shortly after my arrival 
at Oumana I found that the inclination was 43° i^3. A few 
days before the earthquake, 1 was induced to begin a long 
series of carefully conducted observations in the harbour of 
Ctimana, in consequence of having accidentally noticed a 
statement in an otherwise valuable Spanish work, Mendoza's 
Tratado de Navegacion, t. ii, p. 72, according to which it 
was erroneously asserted that the hourly and monthly 
alterations of inclination were greater than those of varia-' 
tion. I found between the 1st and 2nd of November that 
the inclination exhibited very steadily the mean value of 
43°. 65. The instrument remaiiicd untouched and properly 
levelled on the same spot, and on the 7th of November, and 
therefore three days after the great earthquake and when 
the instrument had again been adjusted, it yielded 42°.75. 
The intensity of the force, measured by vertical oscillations 
was not changed. I expected that the inclination would 
perhaps gradually return to its former position, but it re¬ 
mained stationary. In September, 1800, in an expedition of 

inclinations, or by the perpendicular position of the needle; as also to 
find the inclination itself pn the vertical circle by revei’sing the bearings 
of the needle and by taking the readings at both points, before and after 
the poles had been reversed. Tlie position of the two needles hun, in 
each case, been read off 16 times, in order to obtain a mean result. 
Where so small an amount has to be detennined, it is necessary to enter 
fully into the individual details of the observation. 

Cosmost vol. i, p. 148, 

^ Humboldt, Voy. aux Rigions Equinox, t. i, pp. 515—517. 
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more than 2000 geographical miles on the waters and along 
the shores of the Orinoco and the llio Negro, the same in¬ 
strument, which was one of Borda’s, which I had constantly 
carried with me, yielded 42''.80, sliowing, therefore, the 
same dij) as before my journey. As mechanical disturb¬ 
ances and electrical shocks excite polarity in soft iron by 
altering its molecular condition, avg might suspect a connec¬ 
tion between the influences of the direction of magnetic 
currents and the direetioii of earthquakes ; hut carefully as 
I observed this phenomenon, of whose objective reality I 
did not entoi-tain a doubt in 1799, I have never on any 
other occasion, in the many earthquakes wliich I experienced 
in the course of three years at a siibscqiumt period in South 
America, noticed any sudden change of the inclination, 
which I could ascribe to these terrestrial convulsions, liow- 
ever different were the dhi'ctious, in wliich the undulatipns 
of the strata were ])ropagat(id. A very accurate and ex¬ 
perienced observer, Knnan, likewise found that after an 
earthquake at Lake Baikal, on tlie 8th of March, 1828, there 
was no disturbance in the declination^® and its periodic 
changes. 

Declination. 

We have already referred to the historical facts of the 
earliest recognition of those phenomena, which depend ui»on 
the third clement of terrestrial magnetism, namely, declhia- 
tion. The Chinese, as early as the 12th ccntuiy of oux* era, 
were not only well acquainted with the fact of the variation 
of a horizontal magnetic needle (suspended by a cotton 
thread) from the geographical meridian, hut they also 
knew how to determine the amount of this variation. 
The intercourfio which the Chinese carried on with the 
Malays and Indians, and tlie latter with Arab and 
Moorish pilots, led to the extensive use of the maiiner’s 
compass amongst the Genoese, Majorcans and Catalans, in 
the basin of the Mediterranean, ou the west coast of Africa, 
and in high northern latitudes; while the maps, which were 
published aa early as 1436, even give the variation for dif¬ 
ferent parts of the sea.*® The geographical position of a 

^ Erman, Heine nm die Erde, Bd. ii, s. 180. 

See page 52; Petrus Peregrine informs a friend that ho found the 
variation in Italy was 5® east in 1260. 
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line of no variation^ on ■which the needle turns to the true 
north,—the pole of the axis of the earth—was determined 
by Columbus on the I3fcli of September, 1492, and it did 
not escape his notice that the knowledge of the magnetic 
declination might serve in the determination of geograidiical 
longitudes. I have elsewhere shewm, from tlie Admiral’s log, 
that when he was uncertain of tlie ship’s reckoning, he 
endeavoured, on his second voyage, April, 1496, to ascertain 
his position by observations of declination. The liorary 
changes of variation which wore simply recognized ascertain 
ficts by Ilellibrand and I’allior Tacbai’d, at Luuvo, in Siam, 
were euTumstantially and almost oouolnsivcly observed by 
Graham in 1722. Celsius was the first who made use o£ 
these observations to institute simultaneous measurements 


at two widely remote points. 

Passing to the consifhjration of the phenomena observed 
in the varmfcion of thi' magnetic needle, wo must hrst notice 
its altei'atioiis in x'ospect to the diflei-ent hours of the 
night and day, the ditfereut seasons of the year and the 
]neau annual values ; next, iu respect to the influence wliich 
the extraordinary, although ])eriodical]y recurring disturb¬ 
ances, and the magnetic position, north or south of the 
equator, exert on these alterations, and finally iu resj^cct to 
the diflereut lines passing through the terrestrial points at 
which the variation is equal, or even null. These linear 
relations are certainly most important in respect to the direct 


^ Humboldt Rramen. Crk. de Vlfiat. dr, la Gcogr. t. iii, pp. 29, 36, 
38, 44—51. .f^tliough Heneni [Dctu i, p. 23) says that Uolnmbus had 
retnaikcd that the magnetic variation was not the same by day .and 
by night, it <loc3 nob justify ua in ascribing to this great discoverer a 
knOwledge*of the horary variation. The af.tual Journal of the adtniral, 
wliich luis beeu published by N.ivarrete, iuftinns iw that from the 17th 
to the 30th of September, 1492, Columbus had reduced everything to a 
so-called “unequal movement” of tlie polar star and the pointers 
{Guardaa)^ Ejcamen Crit. t. iii, pp. 56—59. 

See pages 60, 70. The first printed observations for London arc 
Lhose by Gi-abain, in the Phil. Transact, for ]724 a)ul 1725, vol. xxxiii, 
pp. 96—107 Account of Observations m<*dc of the Horizontal Ne*’dle 

at London, 1722—1723, by Mr. George Graham). The change of the 
variation depends “ neither upon heat nor cold, dry or moist air. 
The valuation is greatest betw^ecn 12 and 4 in the afternoon, and tho 
least at 6 or 7 in the evening.” These, however, are not tho true turning 
hours. 
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practical application of tlieir results to the ship’s reckoning, 
and to navigation generally; but all the cosinical phenomena 
of magnetisnij amongst which we must place those extraor¬ 
dinary and most mysterious disturbances which often act 
simultaneously at veiy remote distances (magnetic storms), 
are so intimately connected with one another, that no single 
one of them can bo neglected in our attempt giudually to 
complete the mathematical tlieory of tciTestrial magnetism. 
In the middle latitudes, throughout the whole northern 
magnetic heniisphei*e, (the terrestrial splieroid being as¬ 
sumed to be divided tlirough the magnetic equator) the 
north end of the magnetic needle,—that is to say, the end 
whicli points towards tlio north po'*c,—is most closely in the 
direction of that pole about 8h. ISiii. a.m. The needle moves 
from east to west, from this hour till about 111. 45m. r.M., at 


wliicli time it attains its most westerly position. This motion 
westward is goioral, and occurs at all j)laccs in the northern 
hemisphere, Avhethci* they have a western variation, as the 
whole of Europe, Pekin, Nei*tschiusk and Toronto, or an 
eastern variation, like Kasiiu, bitka in Russian America, 
Washingtoii, Marmato (New (Irenada), and Payta on the 
Peruvian coast. Prom this most westerly point, at 
Ih, 45m. P.M., the magnetic needle continues to retrograde 


Proofs ttf this aro affordorl by immcroiis obsorvatioiis of George 
Fusa and Ko\v;niko, at the observatory in tbc Greek couveiit at Pekin, 
by Anikin at Neitscbiusk, by Puclianau Uiddcll at Toronto in Canada; 
(all thebe being ]»Liees of ^vcsiern variation); by Kiipffor ;uul ISinionoff 
at Kasan; by ^Y^angel, notwithslanding the niauy distiybance 3 from 
the Aurora borealis at Sitka, on the north-west coast of America; 
by Gillisft at \Vasliingt,on; by Ikms.-ibigaulfc at Marmato, in Soytli Arne* 
riea; and by Dufterrey at T^iytn, on tlie l\*ruvian shore.s of thg Pacific; 
(all these being places with an eastern vaiiation). would here observe 
that the mean declination was ^2!^ 1.V42" west at Pekin (Dec., 1831) 
(Poggeud. Annnlai^ Bd. xxxiv, s. fj4); 4° 7'44" west at Ncrtschiuak 
(Sept, 1832) (Poggentl. Op. Cif. h. 01); V 33' W'est at Toronto (Novem¬ 
ber, 1847) (see Ohhcrv, at the Mcupietica! and Metenro!ogival Ohsei^vatory 
at Toronto, vol. i, p, xi, and Sabine, in the Phil. /or 1851, 

pfc. ii, p. 036), 2® 21' east at Kasan (August, 1828), (Kupffer, Simonoff, 
and Ermcaij, Rckc um dte Erde, Bd, ii, s. 632); 2S® 10' east at Sitka 
(November, 1829) (Erman, Op. CiL s. 546); 0° 33' east at Marmato 
(August, 1828), (Humboldt, in Poggeud. Annalen, Bd. xv, 8.331); 8®56'- 
east at Payhi (August, 1823), (Duporrey, in the OonnaiHsauce des Temps 
pour 1828, p. 252). At Tiflia the declination was westerly from 7 A.U. 
till 2 r.M. (Parrot, Reise zim Ararat, 1834, Th, ii, s. 58), 
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towards the east throughout the whole of the afternoon and 
a portion of the night till midnight, or 1 A.M., while it often 
makes a short pause about 6 r.M. In the night there is again 
a slight movement towards tlic west, until the minimum or 
eastern position is reached at 81i. 15m. a.m. This nocturnal 
period which was formerly entirely overlooked, since a gradual 
and uninterrupted retrogi^c.ssion towards the east between 
Ih. 45m. P.M. and 8h. 15m. a.m. was assumed, had already 
been eavefiilly studied by me at Home, when T was engaged 
with Gay-Lussac in observing the horaiy changes of variation 

Itli one of Prony’s magnetic fcclesco 2 )os. As the needle is 
generally unsteady as long as the sun is below the horizon, 
the small nocturnal motion westward is more seldom and 
less distinctly manifested. At those occasions when this 
motion Avas clearly discernible, I never saw it accomj)anied 
b) any restlessness of tbe needle. The needle, during this 
small western jieriod, passes quietly from 2 :)oint to j^oint of 
the dial, exactly in the same manner as in the reliable diurnal 
period, between 8h. 15m. a.m. and lb. 45m. p.m., and very dif¬ 
ferently from the manner in which it moves during the 
occurrence of the pheiiomenoii Avhich I have named a mag¬ 
netic storm. It is very remarkable that wlien the needle 
changes its continuous western motion into an eastern move¬ 
ment, or conversely, it docs nut continue utichanged for any 
length of time, but it turns round almost suddenly, mox’e 
especially by day, at the above-named 2 )erio(ls, 8h. 15m. a.m. 
and Ih. 45m. p.m. The slight motion westward docs not 
commonly occur until after midnight and towards the early 
morning. On the other hand, it has been observed at Berlin, 
and during the subterranean observations at Freiberg, as Avcll 
as at Greenwich, Makerstoun in Scotland, Washington and 
Toronto, soon after 10 or 11 p.m. 

Tlie four movements of the needle, which I ivcognised in 
1805,®^ have been represented in the admirable collection of 
observations made at Greenwich in the years 1815,184G,and 

See extracts from a letter, which I addressed to Ivarsten, from 
Rome, Jutie tho 22ud, 1805, ‘^Oii four motions ()f the magnetic needle, 
constituting, as it were, four periods <)f magnetic ebbing and flowing, 
analogous to the bai'ometrical periods.” Tliis communication was 
printed in Hausteen’s der Erde^ 1819, s. 459. On the long 

disregarded nocturnal alterations of variation, see Fai*aday, On theNiglU 
Epmde, §• 3012—3024. 
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1847, as the results of many thousand horaiy observations in 
the following four turning })oints,°* namely, the jSrst mini¬ 
mum at 8 A.M.; the first maximum at 2 p.m. ; the second 

Airy, Mugfi(tlc and Mctcorohgtcal Ohi^matlons made at Greenwich 
{Results, 1845, p. 184(>, ]>. 04, 1817, p 236). The close correspomlenoo 
hetween tho earlie.^t rcMilts of tlic nocturnal and diuraal turning hours, 
and tliose \Yhioh wove (»btaiiioJ fi3ur years later, in the adinirablc obser- 
A^atories at GrcenAvich and at Toronto in Caniula, is clearly shoAvn by 
the iuve&tigatuiu made by iny old friend, L0nk(% the distinguished direc¬ 
tor of the oljHer\atory at llcrlin, between tbo coi responding observa¬ 
tions of Berlin and Breslau, lie wrot(j as follows on tho 11th of 
October, 1836 ‘*In reference to tlie nocturnal maxiraunj, or the 
inflection of the curve of horaiy variation, 1 do not think that there 
ca,n be a doubt, as, indeed. Dove has also shown from the Freiberg 
observations for 1830 (Poggend. Ann. Bd. xix, s. 373). Graphical repre¬ 
sentations ai’o proft’j'ablc to numerical tables for affording a correct 
insight into this phcuomcnoii. In tlie former, great irregularities at 
onco attract tlu' attention, and enable the observer to draw a lino of 
average; while in the latter tho eye is fretpicntly deceived, and indivi¬ 
dual and stiiking irregularities arc mistaken for a true maximum or 
minimum. Tho peiiods seem to fall regularly at the following turning 
hours :— 

The greatest eastern declination falls at 8 a.m. I max. K. 

„ „ western „ „ 1 p.m. 1 min. E. 

The secondary or lesser eastern max. 10 v.u, 11 mas. E. 

„ „ „ western min. 4 A.M. 11 min, E. 

The secondary or lesser minimum (thci nocturnal elongation westward) 
falls, more correctly speaking, between 3 and 5 A.M., sometimes nearer 
the OTie hour, and sometimes nearer the other.” I need scarcely ob¬ 
serve that the periods which Enke and I designate as the eastern 
viinima (the principal and the socombny minimnm at 4 A.k,) aro name<l 
weatem maxima in the registers of the Plnglish and American stations, 
which were established in 1840, and couBC(pientIy our eastern maxima 
(8 A.M. and 10 r.M.) would, in accordance with th^ same form hf expres¬ 
sion, be converted into western minima. In order, therefore, to give a 
representation of the horary motion of the iieedlo in its general charac¬ 
ter and analogy in the northern hemisphere, I will employ tho terms 
adopted by Sabine, beginning with the jieriod of the greatest western 
elongation, reckoned according to the mean time of the place :— 


Freiberg. 


1829. 

Maxiimtm . 1 i\M, 

Minimuin . 1 A.M. 

Maximum . 4 a.m. 

Minimum . 8 A.M. 


Brosbiu. 

Greenwich. 

1836. 

184647. 

1 P.M. 

2 P.M. 

10 P.M. 

12 P.M. 

4 A.M. 

4 A.M. 

8 A.M. 

8 A.M. 
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miuimuHi at 12 p.m. or 2 a.m.; and the second maximum at 
2 A.M. or 4 A.M. I must here content myself with merely 
giving the mean conditions, drawing attention to the fact. 


^[akcrstoun. Toronto, W«asliingtoii 
18f2-43, 1845-47. 1840-42. 

Maximum X . Oh. 40iii. 1 P.M, 2 r.M, 

Mintniivm . 10 p.m. 10 pm. 10 p.m. 

Maxhhiitm . 2li.lorn. a.m. 2 a.m. 2 a.m. 

Mlnlnimn . 7h.l5in.A.M. 8 a.m. 8 xV.m. 


The different seixsons exhihitcd some stiiking difFcrenccs at Greenwich, 
Ill the year 1847 there was only one iiiaximuui (2 p.m.) and one inini- 
muin'(12 night) during the winter; in the suuiiner there was a double 
progression, but ilie secondaiy minimum occurred at 2 a.m. instead of 
4 xV.M. (p. 236). The greatest western elongation (principal maximum) 
remained stationnry at 2 p.m. in winter as well cm in summer, hut the 
smaller or secondary minimum fell, in 1346, as usual (p. 94), at about 
8 A.M. in the summer, and in winter about 12 .it night. The mean winter 
wcsteni elongation continued without inti'rniissiou throughout the whole 
year between midnight and 2 p.m. (see also for 1845, p. 5). We owe the 
erection I'f the obscrvat(*ry at Makeratouu, Uoxburglishire, in Scotland, 
to the generous scientific zeal of >Sir Tlunnas Brisbane (sec John Allan 
Broun, Obs, tn Metr/netism and Mef&jvolotjy made at Makemtoun hi 1843, 
pp. 221—227). On the horary diurnal and nocturnal observations of 
St. Petersburg, see Kupfler, Comptc-rendii Mtteor, ct May, d Mr. de 
Brock cn 1851, p. 17. Sabine, in his admiraldc and ingeniously com¬ 
bined graphic representation of the curve of horary declination at 
Toronto (Phil. T7'a7isact. for 1851, pt. ii, jilato 27), shows that there is 
a shigulvir ijoriod of rest (from 9 to 11 P.M.) occurring before the small 
oiocturnal western motion, wliicli begins about 11 p.m., and continuea 
till about 3 A.M. “We find," he observes, “alternate progression and 
retrogression ai Toronto twice in the 24 hours. In 2 of the 8 quarters 
(1841 and 1842) the inferior degree of regularity during the night occa¬ 
sions the occurrence of a triple 7na.v. and min.; in the remaining quar¬ 
ters the turning hours are the same as tho.se of the mean of the 2 years.^'* 
(Ohs. nmde at the Magn. and Meteor. Ob^t ivatory at Toronto, in Canada, 
vol. i, pp. xiv, xxiv, 183—191, and 228; and Unnanal Magn.Bi.stur- 
banees, pt. i, p, vi.) Ftn- the very complete observations made at Wash¬ 
ington, see Gilliss, Magn. and Meteor. Obstrmiions made at Washington, 
p. 325 (General Law). Compare with these Bache, Ohserv. at the Magn. 
and Meteor. Observatory at the Girard College, Philadelphia, made in the 
years 1840 to 1845 (3 volumes, containing 3212 quarto pages) vol. i, 
p. 709, vol. ii, p. 1285, vol. iii, pp. 2167, 2702. Notwithstanding the 
vicinity of these two places (Philadelphia lying only 1® 4' north, and 
0" 7' 33” east of Washington), I find a difference in the lesser periods 
of the western secondary mAximum and secondary minimum. The 
former Mis about Ih. 30m. and the latter about 2h. 15m. earlier at 
Philadelphia. 
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• that the morning principal minimum of 8h. is not changed in 
our northern zone by the earlier or later time of sunrise. 
At the two solstitial periods, and the three equinoxes, at 
which, conjointly with Oltmanns, I watched the horary 
variations for 5 to 6 consecutive days and nights, I found ' 
that the eastern turning point remained fixed between 
7h. 45in. A.M. and 8h. liim. A.M. both in sumbier and in 
winter, and was only very slightly anticipated by the earlier 
j)eriod at which the sun rose.“ 

Ju the high northern latitudes near the Arctic circle, and 
between the latter and the polo of the earth’s rotation, the 
regularity of the horary dcclhiation lias not yet been very 
clearly recognised, rJthongli there has been no deficiency in 
the number of very carefully conducted observations regard¬ 
ing this point. The local action of the rocks and the fre¬ 
quency of the disturbing action of the polar light, either in 
the immediate vicinity or at a distance, made Lottin hesi¬ 
tate in drawing definite conclusions in reference to these 
turning hours, from his own great and careful labours, which 
were carried on dining the Prench scientific expedition of 
Lilloise ill 183G, or from the earlier results, that had been 
obtained witli much care and accuracy by Lowenom, in 
178G. It would api^ear tliat at Heikjavik, in Iceland, 04° 8' 
lat,, as well as at Godthaab, on the coast of Greenland, 
according to observations made by the mis>sionary, Genge, 
the minimum of the western variation fell almost as in the 

Examples of the slightly earlier occurrence of the turning hours 
Are given hy Lieutenant Gilliss, in his Mwjv. Oh&erv. of Wa^ington, 
p. 328. At Mukerstoun, in Scotlnnd (55® 35' IST. lat.), variations aro 
observed in the secondary minimum, whicli occurs about 9 A.M. in the 
fii’St three and the last four months of the ycar,^nd about 7 A.M. in the 
remaiuing five months (from April till August); the reverse being the 
case at Lerliu and Greenwich (Allan Broun, Ohuvrv. made at Malcers^ 
iomif p. 225). The idea of heat exciting an influence on the regular 
changes of the horaiy variation, whose minimum falls in the morning 
near the time of the minimum of the temperature, as the maximum 
ve«y nearly coincides with maximum heat, is most distinctly contra¬ 
dicted by the nocturnal motions of the needle, constituting the second¬ 
ary min. and secondary max. “ There arc 2 maxima and 2 minima of 
vanation in the 24 hours, but only one minimum and one maximum of 
temperature” (Relshuber, in Poggciid. Annalen der Pkysih ttnd CkemiCf 
Ed. 85,1852, s. 416), On the normal motion of the magnetic needle 
in Northern Germany, see Dove, Poggend. Annalen, Bd. xix, s. 364—^ 
374. 
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middle latitudes at about 9 or 10 a.m., -whilst the maximum 
did not appear to occur before 9 or 10 p.m.®® Farther to the 
north, at Ilammerfest, in Finmark, 70° 40' lat., Sabine found 
that the motion of the needle was tolerably regular, as in tho 
south of Norway and Germany,®'' the western minimum being 
at 9 A.M. and the western maximum at Ih. 30m. p.m.; he 
found it, however, different at Sjjitzbergen, in 79° 50'lat., 
where the above-named turning hours fell at 6 and at 
7h. 30m. A.M. In reference to the Arctic polar ai’chipelago^ 
we possess an admirable series of observations, made during 
Captain Parry’s third voyage, in 1825, by Lieutenants Foster 
and James Poss, at Port Bowen, on the eastern coast of 
Prince Regent’s Inlet, 73° 14' N. lat., which were extended 
over a period of 5 months. Although the needle; jiassetl 
twice in the course of 24 hours through that meriflian, 
which was regarded as the mean magnetic meridian of the 
place, and although no Aurora borealis was visible for fully 
2 months (during the whole of April and May), the periods 
of the principal elongations varied from 4 to 6 hoiu-s, and 
from January to May, tho means of the maxima and minima 
of the western variation differed by only Ih.! The quantity 
of the declination rose in individual days from 1° 30' to 
6° or 7°, whilst at the turning periods it hardly reaches as 
many minutes.®® Not only within the Arctic circle, but 
also in the equatorial regions, as, for instance, at Bombay, 
18° 56' lat., a great complication is observable in the horary 
periods of magnetic variation. These periods may bo 
grouped into two principal classes, which present great dif¬ 
ferences befween April and October on the one hand, and 
between October and December on the other, and these are 
again dwided into two sub-periods, which are very far from 
being accurately determined.®* 

** Voy. en Idamde et en Groinland, excc-utS tn 1835 et 1836, sur la 
Corv. la ^herche; Physique (1838), pp. 214—225, 358—367. 

Sabine, Account of the Pendulum Experiments, 1825, p. 500. 

*® See Barlow’s “Report of the Observations at Port Bowen,” in the- 
Edinb. New Philos. Journal, vol. ii, 1827, p. 347. 

®® Professor Orlebar, of Oxford, former superintendent of the Mag¬ 
netic Observatory of the Island of Colaba, erected at the expense 
of the East India Company, ha.s endeavoured to elucidate the com¬ 
plicated laws of the changes of declination in the sub-periods 
eervations made at the Mayn. and Meteor. Observatory at Bombay in 
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Europeans could not have Icamt, from their own expe¬ 
rience, the direction of the magnetic needle in the southern 
hemisphere before the second half of the 15th ccutiiry, when 
they may have obtained an imperfect knowledge of it from 
the adventurous expeditions of .Diego Cam witli Maiiin 
Bchaim, and Bartholomew Diaz, and Vasco de Gama. The 
Chinese, who, as early as the 3rd centnvy of our era, as well 
as the inhabitants of Corea and tlie Japanese Islaaids, had 
guided their course by the compass at sea., no ]()ss thvm by 
land, are said, according to the testimony of their earliest 
writers, to have ascribed great importance to the south diiTC- 
tion of the magnetic needle, and this was probably mainly 
dependent on the circumstance, that tlicir navigation was 
entirely directed to the south and south-west. During these 
southern voyages, it liad jiot escaped their notice that the 
magnetic needle, according to whose direction tliey steered 
their course, did not point accurately to the south pole. We 
even know, from one of their determinations, the amount®® of 
the variation towards the south-east, which prevailed during 
the 12th century. The application and farther diffusion of 
such nautical aids favoured the very ancient intercourse of 
the Chinese and Tndifuis with Java, and to a still greater 
extent the voyages of the Malay races and their colonisation 
of the island of Madagascar.®^ 

1845, Results, pp. 2—7. It ia singular to fnul that the position of the 
needle during the first })eriod from April to October (western min. 
7h. 30m. A.M., max. Oh. 30m. r.M. ; min. 6h. 30m., max. 7 r.M.). coin¬ 
cides so closely with that of Central Kuropo. The month of October ia 
a transition period, as the amount of diurnal variation scarcely amounts 
to 2 minutes in November and December. Notwithstanding that this 
station is situated 8® from the magnetic equator, thei-o is no obvious 
regularity in the turning hours. Everywhere ilt nature, wh^re various 
causes of disturbances act upon a phenomenon of motion at recuning 
perit>ds (whose duration, however, is still unknown to us), the law by 
which those disturbances arc brought about often remains for a long 
time unexplained in consequence of the perturbing causes cither reci¬ 
procally neutralising or intensifying one another. 

See my Examert Crit. de VUist. de la Gtlofp*. t. iii, pp. 34—37. 
The most ancient notice of the variation given by Kcutsungchy, a writer 
belonging to the beginning of the twelfth century, was east ^ South. 
Klaproth's iMite but Vinvention de la Botissole, p. 08. 

On the ancient intercourse of tho Chinese with Java, according to 
statements of Fabian in the Fo-kne-si, see Wilhelm von Humbeudt^ 
Ueber die KuzbI SpracItCf Bd. i, s, 1C. 
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Althougli, judging from the present very northern position 
of the magnetic equator, it is probable that the town of Louvo 
in Siam was very near the extremity of the northern mag¬ 
netic hemisphere, when the missionary father, Guy Tachard, 
first observed the horary alterations of the magnetic varia¬ 
tion at that place in the year 1G82, it must be remem¬ 
bered, that accurate observations of the horary declina¬ 
tion in the southern magnetic henusphere were not made 
for fully a centmy later. John Macdonald watched the 
course of the needle during the years 1794 and 1795 in Fort 
Marlborough, on the south-western coast of Suinatra, as wejl 
as at St. Helena.®® The results which were then obtained 
drew the attention of physicists to the great decrease in the 
quantity of the daily alterations of variation in the lower 
latitudes. The elongation scarcely amounted to 3 or 4 
minutes. A more comprehensive and a deeper insight into 
this phenomenon was obtained through the scientific expedi¬ 
tions of Frcycinct and Duperrey, but the erection of mag¬ 
netic stations at three important points of the southern 
magnetic hemisphere, at Ilobarton in Van Diemen’s Land, 
at St. Helena, and at the Cape of Good Hope (where for the 
last 10 years horary observations have been carried on for the 
registration of the alterations of the three elements of ter¬ 
restrial magnetism in accordance with one uniform method), 
afforded us the first general and systematic results. In 
the middle latitudes of the southern magnetic hemisphere 

PhiL Transact, for 1795, pp. 340—349, for 1798, p. 397. The result 
which Macdonald himself dmws from his observations at Fort Marl¬ 
borough (situAted above the town of Bencoolen, in Sumatra, 3° 47' S. 
lat.), and according to which the eastern elongation was on the increase 
from 7 A.M. to 5 p.m., does not appear to me to bo entirely justified. 
No regular observation was made between noon and 3, 4, or 5 p.m., and 
it seems probable, from some scattered observations made at different 
tiines from the normal hours, that the turning hours between the 
^tern and w'esieru elongation fall as early as 2 p.m., precisely the 
same as at Hobarton. We are in possession of declinution-observatious 
made by Macdonald during 23 months (from June, 1794, to June, 
1796), and from these I perceive that the eastern variation increases at 
all times of the year between 7h, 30m. a,m, till noon, the needle moving 
steadily from west to east during that period. There is here no trace 
of the type of the northern hemisphere (Toronto), which was observ¬ 
able at Singapore, from May till September; and yet Fort Marlborough 
lies in almost the same meridian, although to the south of the geogra¬ 
phical equator, and only 5® 4' distant from Singapore. 
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the needle moves in a totally opposite direction from that 
which it follows in the northern, for while in the south the 
needle that is pointed southward turns from cast to west be¬ 
tween morning and noon, the northern point of the needle 
exhibits a direction from west to east. 

Sabine, to whom we are indebted for an elaborate revi¬ 
sion of all these variations, has arranged the horary observa¬ 
tions that were carried on for five years at Hobarton (42° 53' 
S. lat., variation 9° 57' east,) and Toronto (43° 39' N. lat., 
variation 1° 33' west), so that we can draw a distinction 
Jjetween the periods from October to February, and from 
April to August, since the .intermediate months of March 
^ind September present, as it were, phenomena of transition. 
At Hobarton the extremity of the needle which points 
northwards exhibits two eastern and two western maxima 
of elongation,® so that in the pci'iod of the year from Octo¬ 
ber to Fcbniary it moves eastward from 8 Or 9 o’clock A.M. 
till 2 p.jr., and then from 2 till 11 p.m., somewhat to the 
west, from 11 p.m. to 3 a.m. it again tuims eastward, and 
from 3 to S a.m. it goes back to the west. Tn the period 
between April and August, the eastern turning hours are 
later, occurring at 3 p.m. and 4 a.m., whilst the western turn¬ 
ing hours fall earlier, namely at 10 a.m. and at 11 p.m. In 
the iiorthem magnetic hemisphere the motion of the needle 
westward from 8 a.m. till 1 P.M. is greater in the summer 
than in the winter, whilst in the southern magnetic hemi¬ 
sphere, where the motion has an opposite direction between 
the above-named turning hours, the quantity of the elon¬ 
gation is greater when the sun is in the southern than when 
it is in the noi-theru signs. 

The question which 1 discussed sev«n, years ago in the 
Picture of Nature,®* whether there may not be a region of 
the earth, probably between the geographical and magnetic 
equators, in which there is no horary variation (before the 
return of the northern extremity of the needle to an oppo¬ 
site dii’ection of variation in the same hours), is one which 

® Sabine, Mayn. Ohserv. made at Hobarton, vol. i (1841 and 1842), 
pp. XXXV; 2, 148; vol. ii (1843—1845), pp. iii—xxxv, 172—344. Sea 
also Sabine, Obs. made at St. Helena, and in Phil. Transact, for 1847, 
pt. i, p. 55, pi. iv, and Phil. Transact, for 1851, pt. ii, p. 36, pi. xxvii. 

Cosmos, voL i, p. 176, s 
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it .would seem from recent experiments, and more especially 
since Sabine’s ingenious discussions of the observations made 
at Singapore (1° 17' N. lat.), at St. Helena (15° 56' S. lat.), 
and at the Capo of Good Heme (33° 56' S. lat.), must be an« 
swered in the negative. Js o point has hitherto been dis¬ 
covered, at which the needle does not exhibit a horary 
motion, and since the erection of magnetic stations, the im¬ 
portant and very unexpected fact has been evolved, that 
there are places in the southern magnetic hemisphere, at 
which the horary variations of the dipping needle alter¬ 
nately participate in the phenomena (types) of both 
hemispheres. The island of St Helena lies very near the 
line of weakest magnetic intensity, in a region where thiS 
line divaricates very widely from the geographical equator 
and from the line of no inclination. At St. Helena, ib'* 
movement of the end of the needle wliicli points to the 
north is entirely opposite in the months from May to Sep¬ 
tember from the direction which it follows in the analogous 
hours fiom October to February. It has been found after five 
years’ horary observations, that during the winter of the 
southern hemisphere, in the above-named periods of the 
year, while the sun is in the northern signs, the northern 
point of the needle has the greatest eastern variation at 
7 A.M., from which hour, as in the middle latitudes of Europe 
and North America, it moves westward till 10 a m. and re¬ 
mains very nearly stationary until 2 p.m. At other parts of 
the year, on the other hand, namely from October till 
February, ‘(which constitutes the summer of the southern 
hemisphere and when the sun is in the southern signs and 
therefore nearest to the earth) the greatest western elonga¬ 
tion of the needle falls about 8 a.m., showing a movement 
from west to east until noon, jirecisely in accordance with 
the type of Hobarton (42° 53 S. lat.), and of other districts 
of the middle parts of the southern hemisphere. At the 
time of the equinoxes, or soon afterwards, as for instance in 
March and April, as well as in September and October, the 
course of the needle fluctuates on individual days, showing 
periods of transition from one type to another, from that of 
the northern to that of the southern hemisiihere.®* 

* Sabine, Observations made at the Magn. and Meteor. Observatory at 
St. Helena in 1840—1845, vol. i, p. 30, and in tho Phtl. Transact, for 

VOL. V. K 
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Singapore lies a little to the north of the geographical 
equator, between the latter and the magnetic equator, which, 
according to Elliot, coincides almost exactly with the curve 
of lowest intensity. According to the observations which 
were made at Sin«;apore every two hours during the years 
1841 and 1842, Sabine again finds the St. Helena types in 
the motion of the needle from May to August and from 
November to February; the same occurs at tlie Cape of 
Good Hope, wliich is 34*^ distant from the geographical and 
fltill more remote from the magnetic equator, and where 
the inclination is 53° south and the sun never reaches the 
zenith.^ We possess tlic published horary observations made 

1547 , pt. i, pp. 51—56, pi. iii. The regularity of this opposition in the 
two (livisioiis of the year, the first occurring between May and Sep¬ 
tember (type of the middle latitudefl m the noithcrn hemisphere), 
and the next between October and Februaiy (type of the middle lati¬ 
tudes in the southern hemisphere), is grajiUjcally and strikingly mani¬ 
fested when we acpai’ately coraj)aro the form and inflections of the 
curve of horary variation in the portions of the* day intervening be¬ 
tween 2 P.M. and 10 a.m., between 10 a.ji. and 4 p.m., and between 
4 P.M. and 2 a.m. Every curve above the line which indicates the mean 
declination has an almost similar one corresponding to it below it 
(vol, i, pi. iv, the ciu'ves A A and BB). This opposition is perceptible 
even in the nocturnal periods, and it is still more remarkable, that 
while the type of St. Helena and of the Cape of Good Hope is found to 
be that belonging to the northern hemisphere, the same earlier occur¬ 
rence of the turning hours which is observed in Canada (Toronto) is 
noticed in the same months at thcbc two southern points, Sabine, 
G6afn’. at Jlobarlon, vol. i, p. xxxvi. 

^ PhiL Transact, for 1*S47, pt. i, pp. 62, 57, and Sabine, ObservatioTiB 
made at the Mafjn. and Meteor. Ohsimatcry at the Cape of Good ffope, 
1841—1846, vol. i, p. xii—xxiii, pi iii. See also Faraday's ingenious 
viowfa regarding the caui-cs of those phenomena, which depend upon 
the alternations of the seasons, in his Erperunents on Atmoapkeric 
Magnetism, § 3027—3068, and on the analogies with St. Petersburg, 

§ 3017. It would appear that the singular type of magnetic declina* 
tion, vaiying with the seasons, w’hich prevails at the Cape of Good 
Hope, St. Helena, and Singapore, haa been noticed on the southern 
shores of the Red Soa by the careful observer, d’Abbadie (Airy, On the 
Present State of the Science of Temstrial Magnetism, 1850, p. 2). 
results from the present position of the four points of maximum of 
intensity at the surface of the earth,” observes Sabine, “that the im* 
portant curve of the relatively, but not absolutely, weakest iutepsity in 
the Southern Atlantic Ocean should incline away from t^a vicinity of 
St, Helena, in the direction of th' southern extremity of Africa. The '■ 
astronomico-geographical position of this southem extremity, where the 
sun remains throughout the whole year north of the zonith^ affords a 
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at tho Cape for six years, from l^fay to ScpteinlDPr, according 
to which, almost precisely as at St. Helena, the needle moves 
westward till 11 h. 30 m. a.m. from its extreme eastem posi¬ 
tion (7h. 30m, A.M.), while from October to March it moves 
eastward from 8h. 30m. a.m, to Ih. 30m. and 2 P M. The 
discovery of this well-attested, but still unexplained and 
obscure phenomenon, has more especially proved the import¬ 
ance of observations continued uninterruptedly from hour to 
hour for many years. Disturbances winch, as we shall soon 
have occasion to show, have tho power of diverting the 
needle either to the eastward or westward for a length of 
ttme, would render the isolated observations of travellers 
imcertain, , 

By means of extended navigation and ilie application of 
the compass to geodetic surveys, it was very early iiofieed 
that at certain times the magnetic needh* exhibited an ex¬ 
traordinary disturbance in its direction, which was frequently 
connected with a vibratory, trembling and flnetuating mo¬ 
tion. It became customary to ascribe this phenomenon to 
some sjiecial condition of the needle itst'lf, and this was 
characteristically designated by French sailors Va/folement de 
Vaiguille^ and it was recommended that une aiguille ajfolee 
should be again more Strongly magnetisenl Halley was cer¬ 
tainly the first who inferred that polar light was a magnetic 
phenomenon—a statement ^ which he niLide on the occasion 

principal ground of objection against de la Rive’s thermal explanation 
{Annales de Chimie et dc Physique, t. xxv, 1849, p. 310) of the pheno¬ 
menon of St. Helena here referred to, which, although it seems at first 
sight apparently abnormal, iq nevertheless entirely in accordance with 
established law, and is found to occur at other points,” See Sabine, in 
th© Proceedings of the Royal Sodity, 1849, p 821. 

Halle}^ Account of the late surprising appearance of Lights in the 
Air, in the PhiL Transact, vol. xxix, 1714—1716, No. 347, pp. 422— 
428. Holley’s explanation of tho Aurora borealis is unfortunately con¬ 
nected with the fantastic hypothesis which had been enounced by him 
twenty-five years earlier, in the Phil. Transact, for 1693, vol, xvii, 
No. 195, p, 563, according to which there was a luminous fluid in the 
hollow terrestrial sphere lying between the outer shell which we inhabit 
and the inner denser nucleus, which is also inhabited by human beings. 
These are his words •—“ In order to make that inner globe capable of 
being inhabited, thero might not improbably be contained some lumi¬ 
nous medium between the balls, so as to make a perpetual day below.” 
Since the outer shell of the earth's crust is far less thick in the rogion 
t)f the polee of rotation (owing to the compression produced at those 
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of his being invited by the Eoyal Society of London to ex¬ 
plain the gi-eat meteor of the 6th of March, 1716, which was 
seen in every part of England. He says, “ that the meteor 
is analogous with the phenomenon, which Gassendi first 
designated in 1621 by the name of Aurora borealis^ 
Although in his voyages for the determination of the line 
of variation, he advanced as far south as 52°, yet we learn 
from his own confession, that he had never seen a northern, 
or southern pohir light before the year 1716, although the 
latter, as I can testify, is visible in the middle of the tropical 
zone of Peru. Halley, therefore, does not appear from his 
OAvn observation to have been aware of the restlessness of th5 
needle, or of the extraordinary distiirbanccs and fluctuations 
which it exhibits at the periods of visible, or invisible north¬ 
ern or southern polar lights. Olav Hidrtor and Celsius at 
XJpsala were the first who, in the year 1-741, and therefore 
before Halley’s death, confirmed by a long series of measure¬ 
ments and determinations the connection, which he had 
merely conjectured to exist between the appearance of the 
Aurora borealis and a disturbance in the normal course of the 
needle. TJiis meritorious investigation led them to enter 
into an airangenient for carrying on systematic observations 
simultaneously with Graham in London, while the extra¬ 
ordinary disturbances of variation, observed on the appear¬ 
ance of the Aurora, were made subjects of special investiga¬ 
tion by Wargentin, Canton, and Wilke. 

The observations which I had the opportunity of making, 
conjointly with Gay-Lussac, in 1805, on the Monte Pincio 
at Rome, and more especially the investigations suggested by 
these observations, and which I prosecuted conjointly with 
Oltmanns during the equinoctial and* solstitial periods of 

paits) than at the equator, the inner luminous fluid (that is, the mag¬ 
netic fluid), seeks at certain periods, more especially at the times of the 
equinoxes, to find itself a passage in the less thick polar regions through 
the fissures of rocks. The emanation of this fluid is, according to 
Halley, the phenomenon of the northern light. When iron filings are 
Btrewn over a spheroidal magnet (a terella), they serve to show the 
direction of the luminous coloured rays of the Aurora. As each on© 
sees his own rainbow, so also the Cm^ona appears to every observer to be 
at a different point*' (p. 424). Kegarding the geognostic dreams of an 
s intellectual investigator, who displayed such profound knowledge in all 
'^Ib magnetic and astronomical labours, see Comot, toL i, p. 163^ ., 
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the ye^s 180G aaid 1807, In a large isolated garden at Berlin, 
by means of one of Prony’s magnetic telescopes, and of a 
distant tablet-signal, which admitted of being well illumi¬ 
nated by lamp-light, showed me that this element of terres¬ 
trial activity (which acts powerfully at certain epochs, and 
not merely locally, and which has been comprehended under 
the general name of extraordinary disturbances), is worthy, 
on account of its complicated nature, of being made the sub¬ 
ject of continuous observation. The arrangement of the 
signal and the cross wires in the telescope, which was sus¬ 
pended in one instance to a silken thread and in another to 
a metallic wire, and attached to a bar magnet, enclosed in a 
large glass case, enabled the observer to read oft’ to 8" in tljo 
arc. As this method of observation allowed of the room in 
which the telescope and the attached bar-magnet stood, being 
left unilluminated by night, all suspicion of the action of 
currents of air was removed, and those disturbances avoided, 
which otherwise ai'e apt to arise from the illumination of the 
scale in variation compasses, provided with microscopes, 
however perfect they may otherwise be. In accordance with 
the opinion then expressed by me that “ a continuous unin¬ 
terrupted hourly and half-hourly observation {Observatio 
jPerpetuii) of several days and nights was greatly to be pre¬ 
ferred to isolated observations extending over many months,” 
we continued our investigations for 5, 7, and even 11 days 
and nights consecutively,®® during the equinoctial and solsti¬ 
tial periods—the importance of such observations at these 
times being admitted by all recent observers. We soon per- 
' <ieived that, in order to study the peculiar physical character 
of these anomalous disturbances, it was not sufficient to do- 
terminS the amount of the alteration of the variation, but 
that the numerical degree of disturbance of the needle must 
be appended to each observation by obtaining the measured 
elongation of the oscillations. In the ordinary horary course 
of the needle, it was found to be so quiet that in 1500 re- 

When greatly fatigued by observing for many consecutive nights. 
Professor Oltmanns and myself were occasionally relieved by very 
trustworthy observers, as, for instance, by Mampel, the geographer 
Fiiesen, the skilful mechanician Nathan Mendelssohn, and our grc.at 
geognosist, Leopold von Buch. It has always afforded me pleasure 
to record the names of those who have kindly assisted me in my 
labours. 
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suits, deduced from 6000 observation, made from the middle 
of May, 1806, to the end of June, 1807, the oscillation gene¬ 
rally fluctuated only from one-half of a graduated interval to 
the other half, amounting therefore only to 1' 12"; in indivi¬ 
dual cases, and often when the weather was very stormy and 
much rain was falling, the needle appeared to be cither per¬ 
fectly stationary, or to vary *»nly 0.2 or 0,3 of a graduated 
interval, that is to say, about 24" or 2S". But on the occur¬ 
rence of a magnetic storm, whose final and strongest mani¬ 
festation is the Aurora borealis, the oscillations were either in 
some cases only 14'and in others 38'in the arc, each one 
being completed in from 1-^ to 3 vseconds of time. Fre- 
,quently, on account of the magnitude and inequality of tho 
oscillations, which far exceeded the scab' parts of the tablet 
in the direction of one or both of its sides, it \\as not pos¬ 
sible to make any ob&ervatio}).®^ This, for instance, was the 


^ The month of Scptemlw, ]S0(», suigul.irly rich in qrcat mag-^ 
irtic dlbttirbances. 15y way of illustration, 1 wi]\ give the following 
extracts from my journal.— 
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The disturbance last refon*ed to was very email, and was .succeeded by 
the greatest quiet, which continued throughout the w^ole night, and 
until the following noon. 


Sept. 1806, from lOh. 20m. p.m. till llh. 32m. r.M. 

This was a small disturbance, which was eucceeded by great calm 
until 5h. 6m. a.m, ^ 1806, about 2h. 46nn. a.m, a great but 

short magnetic storm, followed by perfect calm. Another equally great 
magnetic disturbance about 4h. 30m. a.m. 

The great storm of f ’ September had been preceded by a still 
greater distmbance from 7h. 8m. till Oh. 11m. p.m. In the following 
winter months there was only a very small number of storms, and these 
could not be compared with the disturbances during the autumnal 
equinox. I apply the term great storm to a condition in which the * 
needle makes oscilletions of from 20 to 38 minutes, or passes beyond all 
the scale parts of the segment, or when it is impossible to make any 
observation. In small storms, the needle makes irregular oscillations of 
from 5 to S minutes. 
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case ^ for Ibng and uninterrupted periods during the night 
of >the 24:th September, 1806, lasting on the first occasion 
from 2h. Om. to 3h. 32 m. A.M., and next from 3h. 57m. 
to 5h. 4m. A.M. 

In general, during unusual or larger magnetic disturbances 
(magnetic storms), the mean of the arc of the oscillations 
exhibited an increase either westward or eastward, although 
with irregular rapidity, but in a few cases, extraordinary 
fluctuations were also observed, even when the variation 
was not irregularly increased or decreased, and when the 
mean of the oscillations did not exceed the limits apper¬ 
taining to the normal position of the needle at the given 
time. We saw, after a relatively long rest, sudden motioivi 
of very unequal intensity, describing arcs of from 6' to 15', 
either alternating with one another or abnoi'mally inter¬ 
mixed, after which the needle would become suddenly sta¬ 
tionary. At night, this mixture of total quiescence and 
violent perturbation without any progression to either side 
was very stiokiiig.^® One special modification of the motion, 

Arago, during the ten years in which he continued to make care¬ 
ful observations at Paris (till 1829), never noticed any oscillations with¬ 
out a chanyt in the variation. He wrote to me as follows, in the course 
of that year :—“ I have communicated to the Academy the results of 
our simultaneous observations, I am Bur]>rised to notice the oscilla¬ 
tions which the dipping needle occasionally exhibited at Berlin during 
the observations of 1806,1807, and of 1828—1829, even when the mean 
declination was not changed. Hero (at Faria) we never experience any¬ 
thing of the kind. The only time at which the needle exhibits violent 
oscillations is on the occuirei\ce of an Aurora borealis, and when its 
absolute direction has been considerably disturbed ; and even then, the 
disturbances of direction arc most frequently unaccompanied by any 
OBcillatoiy movement.” The condition here described is, however, en¬ 
tirely opposite to the phenomena which were observed at Toronto 
,(43* 91' N. lat) during the years 1840 and 1841; and which correspond 
accurately with those manifested at Berlin. The observers at Toronto 
have paid so miich attention to the nature of the motion that they 
indicate whether the vibrations and shocks arestrong” or “slight,” 
and characterise the disturbances in accordance with definite and 
uniform subdivisions of the scale, following a fixed and uniform nomen¬ 
clature, Sabine, Days of Unusual Magn. Disturbances^ voL i, pt. i, 
p. 46. Six groups of successive days (146 in all) are given from the 
two above-named years in Canada, which were marked by very strong 
shocks, without any perceptible change in the horary declination. 
Such groups (see op. ciL pp. 47, 54, 74, 88, 95, 101), are designated as 
Times qf Observations at Toronto, at which the magnetometers were die- 
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whicli I must not pas'* without notice, consisted in the Tory 
rare occurrence of a vertical motion, a kind of tilting motion, 
an alteration of the inclination of the nm-them point of the 
needle, which was continued for a period of from 16 to 20 
minutes, accompanied by either a very moderate degree of 
horizontal vibration or by the entire absence of this move¬ 
ment. In the careful enumeration of all the secondary condi¬ 
tions which are recorded in the rcgistei’S of the English obser 
vatories, I have only met with three references to “ constant 
vertical motion, the needle oscillating verticallyand these 
three instances occurred in Van Diemen’s Land. 

The periods of the occurrence of the greater raagnetio 
storms fell, according to the mean of my ol iservations in 
Berlin, about 3 liours after midnight, and generally ceased 
about 5 A.M. We observed lesser disturbances during the 
daytime, as, for» instance, between 5 and 7 P.M., and fre¬ 
quently on the same days of September, during which violent 
storms occurred after midnight, when, owing to the magni¬ 
tude and rapidity of the oscillations, it was impossible to read 
them off or to estimate the means of their elongation. I 
soon became so convinced of the occm-rence of magnetic; 
storms in groups during several nights consecutively, that I 
acquainted the Academy at Berlin with the peculiar nature 
of these extraordinary disturbances, and even invited my 
friends to visit me at predetermined hours, at which I hoped 
they might have an opportunity of witnessing this pheno¬ 
menon, and in general I was not deceived in my anticipa- 

f 

turied, bufi/te mean 7'cadinffs were not inatcriaUy changed** The changes 
of variation were also nearly always accompanied by strong vibration® 
at Toronto during the frequent Auroisc borei^es ; in some qases theso^ 
vibrations were so strong as entirely to pi event the observations froxa 
being read oflF. We learn, therefore, from these phenomena, whose! 
further investigation we cannot too strongly recommend, that although 
momentary changes of declination which disturb the needle may often 
be followed by great and definite changes of variation (Younghusband> 
Unusual Distwrhances, pt. ii, p. xb the size of the arc of vibration in no 
respect agrees with the amount of the alteration in the declination ; that* 
in very inconsiderable changes of variation the vibrations may be very 
strong, while the progressive motion of the needle towards a western or 
eastern decimation may be rapid and considerable, independently of any 
vibration; and further, that these processes of magnetic activity assumei 
A special and different character at different places* 

Unusual Distmb. voL i, pt. i, pp. 69, 101. 
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tions.” Kupffer, during his travels in the Caucasus la 182P, 
and at a later period, Kreil, in the course of the valuable 
observations which he made at Prague, were both enabled 
to confirm the recurrence of magnetic storms at the same 
hours.’® 

The observations which I was enabled to make during the 
year 1806, at the equinoctial and solstitial periods, in refer¬ 
ence to the extraordinary disturbances in the variation, have 
become one of the most important acquisitions to the theory of 
terrestrial magnetism, since the erection of magnetic stations 
in the different British colonies (fx'om 1838 to 1840), through 
the accumulation of a rich harvest of materials, which have 
been most skilfully elaborated by General Sabine. In thef 
results of both hemispheres this talented observer has sepa¬ 
rated magnetic disturbances, according to diurnal and noc¬ 
turnal hours, according to different seasons of the year, and 
according to their deviations eastward or westward. At 
Toronto and Ilobarton the disturbances were twice as fre¬ 
quent and strong by night as by day,’* and the same was the 
case in the oldest observations at Berlin ; exactly the reverse 
of what was found in from 2600 to 3000 disturbances at 
the Ca])e of Good Hope, and moi'e especially at the island of 
St. Helena, accoj'ding to the elaborate investigation of Cap* 

This was at the end of September, 1806. This fact, which was 
published in Poggendorfifa A unalcn. der Physih, Bd, xv (April, 1829), 
s. 330, was noticed in the following terms :—“ The older horary obser¬ 
vations which I made conjointly with Oltmanns, had the advantage 
that at that poilod (1806 and 1807), none of a similar kind had been 
prosecuted either in France or in England. They gave the nocturnal 
maxima and minima; they also showed how remarkable magnetic 
storms couki be recognised, which it is often impossible to record, owing 
to the intensity of the vibrations, and which occur for many nights 
consecutively at the same time, although no influence of meteorological 
relations has hitherto been recognised as the inducing cause of the 
phenomena.” The earliest record of a certain periodicity of extraordi¬ 
nary disturbances was not, therefore, noticed for the first time in the 
year 1839. Report of the Fifteenth Meeting of tKc British Association at 
Camhrit^e^ 1845, pt. ii, p. 12, 

Kupffer, Voyage au Mont Elbruz dans le Caucase, 1829, p. lOS. 
‘^Irregular deviations often recur at the same hour and for several days 
conBeoutively." 

Sabine, Unusual JHsturh. vol. i, pt. i, p. xxi, and Youngliusband, 
On Periodical Laws in the Larger Magnetic Disturbances, in the Phih 
Transact, for 1853, pt. i, p, 178, ' 
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, tain Yonnghusband. At Toronto the principal disturbances 
geucrally occun^ed in the period from midnight to 5 A.M.; it 
was only occasionally that they were observed as early as from 
10 p.M. to midnight, and consequently they predominated by 
night at Toronto, as well as at Hobarton. After having 
made a very careful and ingenious investigati<m of the 3940 
disturbances at Toronto, and the 3470 disturbances at 
Hobarton, which were included in the cycle of (i years (from 
1843 to 1848), of which the disturbed variations constituted 
the ninth and tenth parts, Sabine was enabled to diu-w the 
conclusion” that the disturbances belong to a special kind 
of periodically recurring viiriations, which f ollow recognisable 
• laws, depend upon the position of the sun in the ecliptic and 
upon the daily rotation of the earth round its axis, and, 
further, ought no longer to bo designated as irregular 
motions, since wo may distinguish in them, in addition to a 
special local type, processes which affect the whole earth.” 
In those years in which the disturbances were more frequent 
at Toronto, they occurred in almost equal numbers in the 
southern hemisi)here at Hobarton. At the first-named of 
these j)laces these disturbances were, on the whole, doubly as' 
frequent in the summer, namely from April to September, as in 
the winter months, from October to March. The greatest 
number fell in the month of Scj>tember, in the same manner as 
at the autumn equinox in my Berlin observations of 1806.” 
They are more rare in the winter months in all places; at 

” Sabine, in the Phil, I'ransact. for 1851, pi.i, pp. 125—127. “The 
diurnal variation observed is in fact coiistituted hyi two variations 
sujicrposcd upon each other, having different laws, and bearing different 
proportions to each other in different parts ol the globe. At tropical 
stations the influence of what have been hitherto called ^le vrrtgulwr 
disturbances {mag^ictic storms), is comparatively feeble ; but it is other- 
wwo at stations situated as are Toronto (Canada) and Hobarton (Van 
Hietnen’s Island), where their influence is both really and proportion¬ 
ally greater, and amounts to a clearly recognisable part of the whole 
diumal variation. We find here, in the complicated effect of simuh 
taneous but different causes of motion, the same condition which 
been so admirably demonstrated by Poisson in his theory of waves 
{Annaks de Ckimie et de Physique, t. vii, 1817, p. 293). “Waves of 
different kinds may cross each other in the water as in the air, where 
the smaller movements are superposed upon each other.” See Lamont'a 
conjectures regjirding the compound effect of a polar and an equatorial 
ioave, in Poggend. Annalen, Bd. Ixxxiv, s. 583. 

” See p. 134. 



MAGNETIC DISTURBANCES 


139 


.Toronto they occur less frequently from November till 
February, and at Hobarton from May till August. At St. 
Helena and at the Capo of Good Hope the periods, at which 
the sun crosses the equator, are characterised, according to 
Younghusband, by a veiy decided frequency in tlie disturb¬ 
ances. 

The most important point, and one which was also first 
noticed by Sabine in reference to this phenomenon, is the 
regularity with which, in both hemispheres, the disturbances 
occasion an augmentation in the eastern or western variation. 
At Toronto, where the declination is slightly westward 
(1° 33'), the progression eastward in the summer, that is, 
mom June till September, preponderated over the progression 
westward during the winter (from December till A])ril), the 
ratio being 411 ; 290. In like manner, in Van Diemen’s 
Land, taking iuto account the local seasons of the year, the 
y^'inter months (from May till August) are characterised by 
a strikingly diminished frequency of magnetic storms.’’' 
The co-ordination of the observations obtained in the course 
of 6 years at the two opposite stations, Toronto and Hobar¬ 
ton, led Sabine to the remarkable result that, from 1843 to 
1848, there was in both hcmisj)heres not only an increase in 
the number of the disturbances, but also (even when, in order 
to determine the normal annual mean of the daily variation, 
3469 storms were excluded from the calculation,) that the 
amount of total variation from this mean gradually progressed 
during the above-named five years from 7'.65 to 10'.58. 
This increase was simultaneously perceptible, not only in 
the amplitude of the declination, but also in the inclination 
and in the total terrestrial force. This result acquired addi¬ 
tional importance from the confirmation and generalisation 
afforded to it by Lamout’s complete treatise (September, 
1851) “regarding a decennial period, wliich is perceptible in 
the daily motion of the magnetic needle.” According to the ' 
observations made at Gottingen, Munich, and Kremsmiin- 

ster,” the mean amplitude of the daily declination attained its 

, ^ 

^^"Sabine, in the Phil. Transact, for 1852, pt. ii, p. 110 (Younghusband, 
op. cit. p. 109). 

, ^ According to Lament and Belshuber, the magnetic period is 
10 years 4 months, so that the amount of the mean of the diurnal 
niotion of the needle increases regularly for 5 years, and decreases for 
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lainimum between 1843 and 1844, and its maximum from 
1848 to 1849. After the declination has thus increased for 5 
years it again diminishes for a period of equal length, as is 
proved by a series of exact horary observations, which go back 
as far as to a maximum ui 1780^.’® In order to discover a 
general cause for such a periodicity in all three elements of 
telluric magnetism, we are disposed to refer it to cosmical 
influences. Such a connection is indeed appreciable, accord¬ 
ing to Sabine’s conjecture, in the alterations which take place 
in the photosphere, tliat is to say, in the luminous gaseous 
envelopes of the dark body of the sun.®® According to the 
investigations which were made throughout a long series of 
• years by Schwabe, the pei’iod of the greatest and smallest 
frequency of tlic solar spots entirely coincides with that 
which has been discovered in magnetic variations. Sabine 
first drew attention to this coincidence in a memoir which 
he laid before the Royal Society of London, in March, 1852. 

There can bo no doubt,” says Schwabe, in the remarks 
with which he has enriched the asti'unoinical portion of the 
present work, ^‘that, at least from the year 1826 to 1850, 
there has been a recurring period of about 10 years in the 
appearance of the sun’s spots, whose maxima fell in the 
years 1828, 1837, and 1848, and the minima in the years 
1833 and 1843.”®^ The important influence exerted by the 
sun’s body, as a mass, upon terrestrial magnetism is confirmed 
by Sabine in the ingenious observation, that the period at 
which the intensity of the magnetic force is greatest, and the 
direction of the needle most near to the vertical line, falls, 
in both hemispheres, between the months of October and 

the same length of time; on which account^the winter^motion (the 
amplitude of declination) is always twice as small as the summer motion 
(see Lamontp Jahre&berickt der ^ilcrnwarte zu Muuchcnfvr 1852, 8. 54— 
(10). The Director of the Observatory at Berne, Iludolph Wolf, finds 
by a much more comprehensive seiies of operations, that the period of 
magnetic declination which coincides with the frequency of the solar 
spots, must be estimated at 11.1 years. 

See page 75, 

Sabine, in the Phil. Tramact. for 1852, pt. i, pp. 103, 121. See 
the observations made in July, 1852, by Rudolph Wolf, above reierred 
to in page 76 of the present volume; also the very similar conjectures 
of Gautier, which were published very nearly at the same time in the 
BihliotMqiie Jjniverselle de Gendvc, t, xx, p. 189, 

ComoSj voL iv, p. 397—400. 
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February ; that is to say, precisely at the time when, the 
earth is nearest to the sun, and moves in its orbit with the 
greatest velocity.** 

I have already treated in the Picture of Nature®* of the 
simultaneity of many magnetic storms, which are transmitted 
for thousands of miles and indeed almost round the entire 
circumference of the earth, as on the 25th of September, 
1841, when they were simultaneously manifested in Canada, 
Bohemia, the Cape of Good Hope, Van Diemen’s Land, and 
Macao; and I have also given examples of those cases, in 
which the perturbations were of a more local kind, passing 
from Sicily to XJpsala, but not from UiJsala farther north in 
the direction of Alten and Lapland. In the simultaneous ' 
observations of declination which were instituted by Amgo 
and myself in 1829 at Berlin, Paris, Fr'eiberg, St. Peters¬ 
burg, Casan, and Nikolajew, with the sameGambey’s instru¬ 
ments, individual pertiirbations of a marked character were 
mot transmitted from Berlin as far as Paris, and not on any 
one occasion to the mine at Freiberg, where Beich was mak¬ 
ing a series of subterranean observations on the magnet. 
Groat variations and disturbances of the needle simultan¬ 
eously with the occurrence of the Aurora borealis at Toronto 
certainly occasioned magnetic storms in Kerguelen’s Land, 
but not at Hobarton. When we consider the capacity for 
penetrating through all intervening bodies, which distin¬ 
guishes the magnetic force, as well as the force of gravity 
inherent in all matter, it is certainly very difficult to form a 
clear conception of the obstacles which may prevent its trans¬ 
mission through the interior of the earth. These obstacles 
axe analogous to those which we observe in sound-waves, or 
in the waves of commotion in earthquakes, in which certain 

Sabine, in the PAi/. Transact, for 1850, pt. i, p. 216. Faraday, 
Exper. Researdics on Elcctriciti/, 1851, pp. 56, 73, 76, § 2891, 2949, 
2058. 

®® Cosmos, vol. i, p. 185; Poggend. Annnlen, Bd. xv, s. 334, 335; 
Sabine, Unusual Disturb, vol. i, pt. i, pp. xiv—xviii; where t-iblea aie 
given of the eimultaneoua storms at Toronto, Prague, and Van Diemen’s 
Land.' On those days in which the magnetic storms wore the most 
.marked in Canada (as, for instance, on the 22nd of March, the 10th of 
May, the 6th of August, and the 25th of September, 1841), the same 
phenomena were observed in the southern hemisphere in Australia. 
See also Edward Belcher, in the Phil. Transact, for 1843, p. 133. 
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spots which are situated near one another never experience 
the shocks simultaneously.^ Is it possible that certain mag¬ 
netic intersecting lines may by their intervention oppose all 
further transmission ? 

We have here described the regular and the apparently 
irregular motions j)resented by horizontally susjDended 
needles. If by an examination of the normal recurring 
motion of the needle we have been enabled from the mean 
numbers of the extremes of the Ixorary variations to ascer 
tain the direction of the magnetic meridian, in which the 
needle has vibrated equally to either side, from one solstice 
to another, the comparison of the angles which the magnetic 
'meridian describes at different pmullels with the geographi¬ 
cal meridian has led in the first place to the knowledge of 
lines of variation of strikingly heterogeneous value (Andrea 
Bianco, in 1436, and Alonzo do Santa (Vuz, cosmographer 
to the Emperor (^harles V., even attemjjted to lay down 
tliese lines ujxon cliurts) j and moi*e recently to the success¬ 
ful generalization of isoffonic curves, lines of equal variationy 
Avhich British seamen have long been in the habit of grate¬ 
fully designating by the historical name of HaUefs lines. 
Among the variously curved and differently arranged closed 
systems of isogonic lines, which are sometimes almost parallel, 
and more rarely re-enter themselves so as to form oval 
closed systems, the greatest attention in a physical point 
of view is due to tliose lines, on which the variation is null, 
and on both sides of which variations of opposite denomina¬ 
tions prevail, which increase unequally with t]je distance.®* 
I have already elsewhere shown how the first discovery 
made by Columbus on the 13th of September, 1492, of a 
line of no variation in the Atlantic Ocetfti, gave ai'i imjietus 
to the study of terrestrial magnetism, which, however, con¬ 
tinued for two centuries and a half to be directed solely to 
the discovery of better methods for obtaining the ship’^ 
reckoning. 

However much the higher scientific education of mariners 
in recent times and the improvement of instruments and 
methods of observation have extended our knowledge of 

^ Cosmos, voL i, p. 208, 

Op, ciL vol. i, pp. 187—189; vol. ii, pp. 667—659 and pp. 62—CO 
of the present volume. 
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individual portion5 of lines of no variation in Northern 
Asia, in the Indian Archipelago and the Atlantic Oeean, 
we have still to regret, that in this department of onr 
knowledge, where the necessity of cosmical elucidation is 
strongly felt, the progress has been tardy and the results 
deficient in generalization. I am not ignorant that a large 
number of observations of accidental crossings of lines of no 
variation have been noted down in the logs of various ships, 
but we are deficient in a comparison and co-ordination of 
the materials, which cannot acquire any importance in re¬ 
ference to this object or in respect to the position of the 
magnetic equator, until individual ships shall be despatched 
to different seas for the sole purpose of uninterruptedly fol¬ 
lowing tliese hues ihroughuut their coiirse. Without a 
simultaneity in the observations, we can have no history of 
terrestrial magnetism. I here merely reiterate a regret 
which T have often previously expressed.®® 

At veiy different periods, once m 1809, in tny Rccmil d^Ohsci'V. 
A»tron. vol. i, p. 368, and again, in 1830, when, in a letter addicysed to 
the Earl of Mmto, then First Loid of the Adumalfcy, a few days before 
the departuie of Sir James Ross on his Antarctic expedition, I endoa- 
voured more fully to develope the importance of the proposition ad- 
\anced in the text (see Report of the CommitieL of Physics and Meteor of 
the Royal Soc, relative to the Antarctic Erp<d 1840, pp. 88—91). In 
order to follow the iiirlications of the magnetic cquatoi oi those of the 
lint,a of no vaiiation, the ship's course j\\mt be made to cioss the lines 0 
at very small distances, the beai ings being clianged each time that obser¬ 
vations of inclination or of declination show that the ship has deviated 
from these points. I am well aware that, m accordance w ith the com¬ 
prehensive views (jf the true basis fora general theory of terrestrial mag- 
nttism, which we owe to Gauss, a thorough knowledge of the horizon¬ 
tal intensityy and the choice of the points at which the three elements of 
dechnation, iqplmation, and total mtensity have all been simultaneously 
measured, suffice for finding the value of (Gauss, § 4 and 27), and 
that these are the essential points for future investigations; but the 
sum total of the ^mall local attractions^ the requirements of steering 
ships, the ordinary corrections of the com^ws, and the safety of navi¬ 
gation continue to impart special importance to the knowledge of the 
position, and to the movements of the periodic translation of lines of no 
variation, I heie plead the cause of these various requirements, which 
are intimately connected with the interests of physical geography." 
Many years must still pass before seamen can be enabled to guide the 
ship's course by charts of vanation, constructed in accordance with the 
theory of terrestrial magnetism (Sabine, in the PhL Transact for 1849, 
pt. ii, p. 204), and the wholly objective view directed to actual observ-a-* 



144 


COSMOS 


According to the facts which we already generally know 
concerning the position of lines of no variation, it would 
appear that instead of the four meridian systems which were 
believed at the end of the IGth century to extend from pole 
to pole,®^ there are piobahly three very differently formed 
systems of thib kind, if by this name we designate those 
groups in which the line of vuiatiou docs not stand in any 
ducct connection with any other line of the same kind, or 
cannot, in accordance with the piesent state of oui know¬ 
ledge, be legalded as the continuation of any other line. Of 
these three systems which we will bcpaiately desczibe, the 
middle, or Atlantic, is limited tu a single line of no vana- 
• tion, inclining fiom SS E to NN W between the jiarallcls 
of G5^ south and 67'' noith latitude Tlie second system, 
which lies fully 150^ fiiiiliei east, occupying the whole of 
Asia and Au'^tialii, is the most extended, and most compli- 
cited of all, if we ineiely take into account the points at 
which the line of no variitiou inteisects the geographical 
equator This system uses and fills m a lemaikable manner, 
exhibiting one curvatuie diiected southward and another 

tion, which I would here 'id\ocite, would, if it led to periocboally- 
lepeated detcrminitions, and const queiitly to expeditions piosecutpd 
simult incously by land and sei, in accordance with souit preconcerted 
plan, give the double advantage of, in the first place yielding a direct 
practical ipplicati m and aflftrding us a correct knowledge of the annual 
progressive movement of these lines and secondly, of supplying many 
new dita for the further development of the theory enounced by Gauss 
(Gauss, § 25) It would moreover, greatly facilitate the accurate deter 
xiunatiou of the progi esuon of the two hues of no inclinaUon and TiO'uan- 
tion, if landmarks c uld be established at those point*, whcie the Imes 
entei or leave continents at stated intervals as, for instance, in the 
years 1850, 1875, 1900 In expeditions of this kind which 

would be similar to those undertaken by galley, m iny isoclinal and 
isogonic systems would necessarily be intersected before the Imes of no 
declination and no inclination could bo reached, and by this means the 
horizontal ind totil intensities might be measured along the coasts, so 
tiiat several objects w uld thus be simult ineoubly attained The views 
which I have heic expressed arc, I am hij py to find, supported by a 
very great authoiity in nxutical questions, viz Sii James Ross (See his 
Voyage in the Southein and AiUaictic Regions, vol i, p 106 ) 

^ Acosta, Hutm la de las Jndias, 1690, lib i, cap 17 I have already 
considered the question whether the opinion of Dutch navigators re- 
gardmg the existence of four linos of no van ition may not, through the 
diffeiences between Bond and Beckborrow, have had some influence on 
Halley's theory of four m ignetic poles {Cosmos, vol ii, p 668) 
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northward; ijadeed it is so strongly curved at its north¬ 
eastern extremity that tho line of no variation forms an 
ellii>ae, surrounding those lines which rapidly increase in 
variation from without inwards. Tho most westerly and 
the most easteily poitions of this Asiatic curve of no ■varia¬ 
tion, incline like the Atlantic line from south to north, and 
in the space hetw een the Caspian Sea and Lapland even from 
SS.E. to NN.W. Tile third system, that of tho Pacific, 
which has been least mvestii^ated, is the smallest of all, ancl 
lying entirely to the isouth of the googiaphical equator forms 
iJmost a closed oval of concentiic lines, whose variation is 
opposite to that which wo observ(‘ m the north-eastern part 
of the Asiatic system, and decreases from without inwards.* 
If we base oui opinion ujion tho magnetic declination ob¬ 
served on the coast, W(*find that the African continent®® only 
presents lines which exhibit a wccttin variation of from 6" 
to 29° ; for according to Purchas, tho Atlantic line of no 
variation left the southein point of Africa (the Capo of Good 
Hope) in the ycai* 1G05, inchuiug fuithcr Irom east to west. 
The pob&ibility, that we may discover in some part of Central 
Africa an oval grou]) of concentno lines of variation, decreas- 
ilig to 0°, and winch is similar to that of the' Pacific, 
neither be asserted oi denied on any siue grounds. 

The Atlantic poition of the Auioiican curve of no varia¬ 
tion was accurately determined iu both hemispheres for the 
year 1810, by the admnablo investigationsof General Sabine 
who employed 1180 observations, and duly took into account 
the secular changOb. It passes iu the meridian of 70"" S lat., 
and about 19° W. long/® in a duectiou, to about 

In tli^ Ulterior of Africa, the i^ogonic hue of 22® 15' W. is espe¬ 
cially deserving ot caietul cosniical in\Cbtigation,a3 hoiiig the interme- 
diato luio between vciy difleiont ejsteu.s, and a** pioccoding (accord¬ 
ing to the theoretical mg^vs of Ghuis), fiom tho Eastern Indian Ocean,, 
straight across Africa onto Newfonndliud The very comprehensive 
plan of the Afncan cxiiedition, conducted by Richaidsou, Baith, ancl 
Overweg, under th^ oidcia of the Bntish Government, may probably 
lead to the bolution of such magnetic pioblems. 

Sir James Ross intersected tho cui\e of no vaiiation in 61* 30'S. 
lat, and 27® 10' W, long ( Vot/affe to the J^outhcrii Seas, vol ii, ]? S.S?). 
Captain Crosier found tho vaiiation in March, 1843, 1® 38' in 70® 43' S. 
/at. aud 21* 28' W. long., and ho was therefore very near the line of no 
vaiiation. See Sabine, On the Magn, Btclination in the Atlanttc Oc^an 
for 1810, in the PhiL Transact for 1849, pt. ii, ji, 233. 

VOIi. V. 





146 


COSMOS. 


3 ° east of Cook’s Sandwioli Land, and to about 9 ° 30 ^ east 
of South Georgia ; it then approaches the Brazilian coast, 
which it enters at Cape Frio 2'^ east of Bio Janeiro and tra¬ 
verses the soiithem part of the New Continent no farther 
than 0° 36' S, lat., where it again leaves it somewhat to the 
east of Gi*an Para, near Capo Tigloca on the Bio do Para, 
one of the secondary outlets of the Amazon, erossing the 
geographical equator in 47° 44' W. long., then skirting along 
the coast of Guiana at a distance of eighty-eight geogra¬ 
phical miles as far as 5' N. lat., and afterwards following the 
arc of the small Antilles as far as the parallel of 18", -and 
finally touching the shore of Nortl) Carolina near Cape 
• Lookout, soutli-cust of Cape Hattaras in 34° 50' N. lat., 
74° 8' W. long. In the interior of North America, the 
curve follows a north-western direction as far as 41 ^ 30'N. 
lat., 77“ 38' W. long., towards Pittsburgh, Mcadville, and 
Lake Erie. Wo may conjecture that it has advanced very , 
nearly half a degree farther west since 1840. 

The Australo-Asiatic curve of no variation (if according 
to Erman we consider the part wliich rises suddenly from 
Kasan to Archangel aiid Bussian Lapland as identical with 
*thc part in tl)c sea of Molucca and Japan) can scarcely be 
followed as f.ir as 62'’ in the southern hemisj)hero. This 
starting point lies farther west from Van Diemen’s Land than 
had hitherto been conjectured, and the three points, at which 
Sir James Boss cvo.sscd the curve of no variation on his Ant¬ 
arctic voyage of discovery in 1840 and 1841,“ are all situated 
in the parallels of 62°, 54°. 30, and 46°, between 133° and 
135° 40' E. long. ; and therefore mostly in a meridian-liko 
direction running from south to north. In its further course, 
the curve crosses Western Australia from the southern coast 
of Nuyts’ Land about 10° W. of Adelaide to the northern 
coast near Vansittart river and Mount Cock'burn, from 
whence it enters the sea of the Indian Archipelago in a regiop 
of the world, in which the inclination, declination, tot;al in¬ 
tensity, and the maximum and minimumt of the horizontal 
force were investigated by Captain Elliot from 1846 to 1848, 
with more care than has been done in any other portion of 
the globe. Here the line passes south of Flores and through 


“ Sir James Koas, Op. cU. vol. i, pp. 104, 310, 317. 
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the interior of the small Sandal-wood Island,®^ in a direct 
east and west direction from about 120^ 30' to 93° 30' E. 
long., as had been accurately demonstrated sixteen years 
before by Barlow. From the last named meridian it ascends 
towards the north-west in 9° 30' S. lat., judging by the posi¬ 
tion'in which Elliot followod the curve of 1° east variation 
to Madras. We are not able here to decide definitely whether, 
crossing the equator in about the meridian of Ceylon, it 
enters the continent of Asia between the Gulf of Cambay and 
Guzurat, or further west in the Bay of Muscat,®^ and whether, 
therefore, it is identical®^ with the curve of no variation, 
which appears to advance southward from the basin of 
the Caspian Sea; or whether, as Erman maintains, it may 
not curve to the eastward, and rising between Borneo and 
Malacca, reach the Sea of Japan,and penetrate into Eastern 

Elliot, in the Phil, TranBact. for 1851, pt. i, p. 331, pi. xiii. The 
long and narrow small island from which we obtain the sandalwood 
{Uchendana, Malay and Java, tsvhandana, Sanscrit, fnandelj Arab). 

According to Farlow, and the chart of Lines of MagneMc PecUna¬ 
tions computed according to the theory of Mr. Qaiiss, in the Report of the 
Committee for the Antarctic Expedition, 1840. According to Rarlow the 
line of no variation proceeding from Australia enters the Asiatic Con¬ 
tinent at the Bay of Cambay, but turns immediately to the north-east, 
across Thibet and China, near Thaiwau (Formosa), from whence it 
enters the Sea of Japan. According to Gauss, the Australian line 
ascends merely through Persia, past Nishnei-Nowgorod to Lapland. 
This great geometrician regards the Japan and Philippine line of no 
variation, as well as the closed oval group in Eastern Asia, as entirely 
independent of the line belonging to Australia, the Indian Ocean, 
Western Asia, and Lapland. 

I have already elsewhere spoken ofthis identity, which is based upon 
my own declination-observations in the Caspian Sea, at Uralsk on the 
Jaik, and in the Steppe of Elton Lake {Asie Centrale, t. iii, pp. 45S—461). 

Adolf Krman’fi Map of the Magnetic Pcclination, 1827 — ISSO, 
Elliot’s chart shows, however, most distinctly that the Australian curve 
of no variation does not intersect Java, but runs parallel with, and at a 
distance of 1° 30' latitude from the southern coast. Since, according 
to Erman, although not according to Gauss, the Australian line of no 
variation between Malacca and Borneo enters the Continent through 
the Japanese Sea, proceeding to the closed oval group of Eastern Asia, 
on the northern coast of the Sea of Ochotsk (59^^ 30^ N. lat.), and again 
descends through Malacca, the ascending line can only be 11® distant 
fkom the descending curve; and according to this graphical representa¬ 
tion, the Western Asiatic line of no variation (from the Caspian Sea to 
Russian Lapland) would be the shortest and most direct prolongation 
of the part descending from north to south. ^ 
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Asia thro^lgll the Gulf of Ochotsk. It is much to be lamented^ 
that notwithstanding the frequent voyages made to and from 
India, Austmlia, the Philippines, and the north-east coasta' 
of Asia, a vast accumulation of materials should remain 
buried and unheeded in various ships’ logs, which might 
otherwise lead to general views, by which we might be en¬ 
abled to connect Southern Asia with the more thoroughly 
explored parts of Northern Asia and thus to solve questions 
which were started as early as 1840- In order, there¬ 
fore, not to blend together known facts with uncertain hypo¬ 
theses, I will limit myself to the consideration of the Siberian 
portion of the Asiatic continent, as far as it has been ex¬ 
plored in a southerly direction to the j^arallcl of 45° by Erman, 
ITansteen, Due, Kupflfer, Fuss, and myself. In no other part 
of the earth has so extended a range of magnetic lines been 
accessible to us in continental regions ; and the importance 
which European and Asiatic Russia presents in this respect 
was ingeniously conjectured even before the time of Leib- 
nitz.»» 

I drew attention as early as 1843 to the fact, which I had ascer-. 
tained from documents preserved in the Archives of Moscow and 
Hanover {Asia Centrale, t. iii, pp, 4G9—476), that Leibnitz, who con¬ 
structed the first plan of a French ex])edition to Egypt, was also the first 
who endeavoured to profit by the relations which the Czar, Peter the 
Great, had established with Germany in 1712, by using his influence to*'* 
secure the px'osecution of observations for “ determining the position of 
the lines otvariation and inclination, and for insuring that these observa-^ 
tions should be repeated at certain definite epochs” in different parts of 
the Russian empire, whose superficies exceed those of the portions of 
the moon visible to us. In a letter addressed to the Czar, discovered’ 
by Pertz, Leibnitz describes a small hand-globe, or which la 

still preserved at Hanover, and on which he had represenfed the curv^' 
at which the variation is null (his lined magnetica pHmaria), Lcibnits. 
maintains that there is only one line of no vaHation, which divides th& 
terrestrial sphere into two almost equal parts, and has four puncta^ 
flexna contrarii, or sinuosities, where the curves are changed from con¬ 
vex to concave. From the Cape de Verd it passes in lat. 36* toward^' 
the eastern shores of North America, after which it directs its courd& 
through the South Pacific to Eastern Asia and New Holland. This line 
is a closed one, and passing near both poles, it approaches closer to the, 
southern than the northern pole; at the latter, the declination must 
be 25° west, and at the former only 5®. The motion of this important^ 
curve must have been directed towards the north pole at the beginning, 
of the 18th century. The variation must have ranged between 0* and 
15* east over a great portion of the Atlantic Ocean, the whole of 
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. In order to follow the usual direction of Siberian expedi¬ 
tions from west to east, and starting from Europe, we will 
begin with the northern part of the Caspian Sea. Here, in 
the small island of Birutschikassa, in Astracan, on Lake Elton, 
in the Kirghis steppe, and at Uralsk, on the Jaik, between 
45° 43'and 51“ 12'IN’, lat., and 46° 37' and 51° 24'E. long., the 
variation fluctuates from 0° 10' east to 0° 37' west.®® Farther 
northward, this line of no variation inclines somewhat morii 
towards the north-west, passing near Nishnei-Nowgorod.®^ 
In the year 1828 it passed between Osablikowo and Doskino 
in the parallel of 5G“ N. lat. and 43“ E. long. It becomes 
elongated in the direction of Russian Lapland between 
Archangel and Kola, or more accurately according to Han- 
Steen (1830) between Umba and Ponoi.®® It is not until we 
have passed over nearly two-thirds of the greatest breadth 
of Northern Asia, advancing eastwai'd to the latitudes of 
from 50° and 60° (a district in which at present the variation 
is entirely easterly), that we reach the line of no variation, 
which in the north-eastern part of the Lake of Baikal, rises 
to a point west of Wiluisk, which reaches the latitude of 68°, 
in the meridian of Jakutsk 129“ 50' E. long., forming at 
this point the outer shell of the eastern group of oval con¬ 
centric lines of variation, to which we have frequently re¬ 
ferred, again sinking in the direction of Ochotsk in 143° 10' 
E. long., intersecting the arc of the Kurile Islands, and 
penetrating into the southern part of the Japanese Sea. 
All the curves of from 5° to 15° eastern variation which oc¬ 
cupy the space between the lines of no variation in Westem 
and Eastern Asia, have their concavities turned northward. 
The maximi^ of their curvature falls, according to Erraan, 
in 80° E. long., and almost in one meridian between Omsk 

I 

Pacific, Japan, a part of China, and New Holland. “ Aa the Czar’s 
f>nvate physician, Donelli, is dead, it would be advisable to supply his 
, place by some one else, who will be disposed to administer very little 
Ofiedicine, but who may bo able to give Bound scientific advice regarding 
determinations of magnetic declination and inclination.” .... 
These hitherto unnoticed letters of Leibnitz certainly do not express 
, special theoretical views, 

^ See my Magnetic Observations, in Asie Centrale, t. iii, p. 460. 

; Erman, und Magnet. Beobachtmgen {ReUe um die Erde, 

jLbth. iii Bd, 2, s. 632. 

w Hansteen, in Poggend, Ann, Ed. xx5, e. 371. 
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and Tomsk, and are therefore not very different from the 
meridian 6f the southern extremity of the peninsula of Hin- 
dostan. The axis major of the closed oval group extends 
28° of latitude as far as Corea. 

A .similar configuration, although on a still larger scale, 
is exhibited in the Pacific. The closed curves hero form an 
oval between 20^ N. lat. and 42° S. lat. The axis major 
lies in 130° W. long. That which most especially distin¬ 
guishes this singular group (the greater portion of which 
belongs to the southern hemisphere and exclusively to the 
sea) from the continent of Eastern Asia is, as has been 
already observed, the relative succession in the value of the 
curves of variation. In the former, the eastern variation 
diminishes, whilst in the latter the western variation in¬ 
creases the farther wc penetrate into the interior of the oval. 
The variation in the interior of this closed group in the 
southern hemisphere amounts, however, as far as we know, 
only to from 8° to 5°. Is it likely that there is a ring of 
southern variation within the oval, or that we should again 
meet with western variation farther to the interior of this 
closed line of no variation ? 

Curves of no variation, like all magnetic lines, have their 
own history, which, however, does not as yet unfortunately 
(late further back than two centuries. Scattered notices 
may iudeed be met with, as early even as in the 14th and 
15th centuries, and here again Hansteen has the great merit 
of having collocted and carefully compared together all the 
various data. It would appear, that the northern magnetic 
pole is moving from west to east, and the southern magnetic 
pole from east to west; accurate observations shoV us, how¬ 
ever, that the different parts of the isogonic cu^es are pro- 
gi’essing very irregularly, and that where they were par^lel 
they are losing their parallelism; and lastly that the domain 
of the declination of one denomination, that is to say, eaafe 
or west declination, is enlarging and contracting in very 
different directions in contiguous parts of the earth. The 
lines of no variation in Western Asia and in the Atlantic 
are advancing from east to west; the former line having 
crossed Tobolsk in 1716, while in 1761, in Cbappe’s time, it 
crossed J ekatherinenburg and subsequently Kasan, and ia 
1829 it was found to have passed between Osablikowo and 
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Doskino, not far from Nishneinowgorod, and consequently 
had advanced 24^ 45' westward in the course of 113 years, 
la the line of the Azores, which Christopher Columbus deter¬ 
mined on the 13th of September, 1492, the same, which, 
according to the observations of Davis and Keeling, in 1607, 
passed through the Cape of Good Hope f®® and is it identical 
Avith the one which we designate as the Western Atlantic, 
and which passes from the mouth of the river Amazon to 
the sea-coast of North Carolina ? if it be, we are led to ask 
what has become of the line of no variation which passed in 
1600 through Konigsberg, iu ]620(?) through Copenhagen, 
from 1657 to 1662 through London, and which did nut, ac¬ 
cording to PiciU'd, reach Paris, notwithstanding its more 
eastern longitude, until 1666, passing through Lisbon some¬ 
what before 1668?^®® Those points of the earth at which 
no secular progression has been observed for long periods of 
time are especially worthy of our notice. Sir John HerschcL 
has already drawn attention to a corresponding long period 
of cessation in Jamaica,^ while Euler* and Barlow^ refer to a 
similar condition iu Southern Australia. ^ 

Polar TJfjlit. 

We have now treated fully of the three elements of ter¬ 
restrial magnetism in the three principal types of its mani¬ 
festation, namely, Intensity, Inclination and Declination, in 
reference to the movements which depend upon geographical 
relations of place, and diurnal and annual periods. The ex¬ 
traordinary disturbances* which were first observed in the dip, 
are as Halley conjectured, and as Dufay and Hibrter recog¬ 
nised, in part forerunners, and in part accompaniments of the 

Sabine, Magn. and Meteor, 06sc)n», at the Cape of Good Hope, vol, i, 

" p. lx, 

. ' In judging of the approximate epochs of the crossing of the line of 
no variation, and in endeavouring to decide upon the claim of priority 
in this respect, we must bear in mind how readily an error of 1® may 
have been made with the instruments and methods thou in use. 

' Coemoa, vol. i, p, 174. 

* Euler, in the dc VAcad, de Berlin, 1757, p. 176. 

S' , * Barlow, in the Phil. Tranmct. for 1833, pt. ii, p. 671. Great un¬ 
certainty prevails regarding the older magnetic observations of St. 
'Petersburg during the first half of the 18th contnry. The variation 
seems to have been always 3® 15^ or 3® 30' from 1726 to 1772 ! Han- 
^steer^ Magnstiamm der Brdc, s. 7, p. 143. 
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magnetic polar light. I have already fully treated, in the 
Picture of Nature, of the peculiarities of this luminous pro¬ 
cess, which is often so remarkable for the brilliant display of 
colours with which it is accompanied; ami more recent ob¬ 
servations have in general accorded with the views which 
I formerly expresscfL The Aurora borealis has not been 
described merely as an external cause of a disturbance in the 
equilibrium of the distribution of teiTCstrial magnetism, but 
rather as an increased manifestation of telluric activity, 
amounting even to a luminous phenomenon, exhibited on the 
one hand, by the restless oscillation of the needle, and on the 
other, by the polar luminosity of the heavens.” The polar 
Jight appears in accordance witli tliLs view to be a kind of 
silent discharge or shock as the termination of a magnetic 
storm, very much in the same manner as in the electric shock, 
the disturbed equilil>i*ima of the electricity is renewed 
by a development of light by lightning, accompanied by 
pealing thunder. The reiteration of a definite hypothesis in 
the case of a complicated and mysterious phenomenon has at 
all events the advantage of giving rise with a view to its 
rcfutrfbion to more persistent and careful observations of the 
individual processes^ 

Dwelling only on the purely objective description of these 
processes, which are mainly based upon the materiols yielded 
by the beautiful and unique series of observations, which were 
continued without intermission for eight months (1838,1839), 
—during the sojoum of the distinguished physicists, Lottin, 
Bravais and Siljcstriim—in the most i^orthern p^rfcs of Scandi¬ 
navia,® we will first direct our attention to the so-called black 
segment of the Aurora, which rises gradually on th8*horizon 
like a dark wall of clouds,® The blackness is not,•as Argel- 

^ CoBtnoSy vol. i, pp, 1S7—199, and Dove, in Poggend, Annalcn^ Bd. 
xix, 8. 38S. 

* The nhle narrative of Lottin, Bravaia, Lilliehodk, and Siljestrom, 
who observed the phenomena of the northern light from the 19th of 
September, 1838,till the 8th of April, 1839, at Bossekop (69® 58'N.lat.l 
in Finraark and at Ju])vig (70® 6' N. lat.) was published in the fourth 
section of Voyages en Scandinavie, en Laponw, au Spitzberg et aux Feroia, 
BUT la Corvctt€j la Jlecherche {Anrores bor^ales). To theso observations 
are appended important rcsrilts obtained by the English superinten¬ 
dent of the copper mines at Kalfiord (69® 56' N. lat.), pp. 401—485. 

® See the work above referred to (pp. 437—444) for a description of 
the Segment obscure dc VAurore horiale. 
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ander observes, a mere result of contrast, since it is occasionally 
visible before it is bounded by the brightly illuminated arch. 
It must be a process effected *within some part of the atmo- 
sj^hcre, for nothing has hitherto shown that the obscuration 
is owing to any material blending. The smallest stars are 
visible through the telescope in this black segment, as well 
as in the coloured illuminated portions of the fully developed 
Aurora. In northern latitudes, the black segment is seen far 
less frequently than in more southern regions. It has even 
been found entirely absent in these last named latitudes in 
the months of Febniary and March, when the Aurora was 
frequent in bright clear weather; and Keilhau did not once 
observe it during the whole of a winter, which he spent at- 
Talwig in Lapland. Argelander has shown by accurate deter¬ 
mination of the altitudes of stars, that no part of the polar 
light exerts any influence on these altitudes. Beyond the 
segment, there appear, although rarely, hlach rays, which Han- 
stecn and I have often watched^ during their ascent; blended 
with these, appear round hlach patches, or spots, enclosed by 
luminous spiices. The latter phenomena have been made a 
special subject of investigation by Siljestrom.® The central 
portion of the corona of the Aurora (which owing to the 
effect of linear perspective corresponds at its highest point 
with the magnetic inclination of the place), is also usually 
of a very deep black colour. Bravais regards this blackness 
and the black rays as the effect of optical illusions of con¬ 
trast. Several luminous arches are frequently simultaneously 
present; in scffjie rare cases as many as seven or nine are seen 

y Schweigger’s Jahrhuch dcr Ckemte und Physik, 1826; Bd. xvi, 
fl. 198, and Bd. xviii, b. 864. The durk eegnient and the incontestible 
i-ising of black rays or bands, in which the luminmis process is annihi¬ 
lated (byinterference?) reminds ua of Q^wei'nlleeherckcs mr L'Electrockimie 
dans le vide, and of RuhmkorfTs delicate experiments, in which in a 
' vacuum the jJOsiVive metallic balls glowed with red light, while the Tuga- 
ftW balls showed a violet light, and the strongly luminous parallel strata 
of rays were regularly separated from ouo another by perfectly dark 
strata. ** The light which is diffused between the terminal knobs of the 
two electric conductors divides into numerous parallel bands, which 
are separated by alternate obscure and perfectly distinct strata.” 
Coimted rendus de VAcad, des Sc, t. xxxv, 1852, p. 949. 

® Voyages en Scandinavie (Aurores bar,), p. 558- On the Corona and 
bands of the northern light, see the admirable investigations of Bravais, 
pp. 502—514, 
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advancing towards tlie zenith, parallel to one another ; while 
in other cases they are altogether absent. The bundles of 
rays and columns of light assume the most varied forms, ap¬ 
pearing either in the shape of curves, wreathed festoons and 
hooks, or resembling waving pennants or sails.® 

In the higher latitudes, the prevailing colour of the polar 
light is usually white, while it presents a milky hue when the 
Aurora is of faint intensity. When the colours brighten, 
they assume a yellow tinge; the middle of the broad ray be¬ 
comes golden yellow, while both the edges are marked by 
separate bauds of red and green. When the radiation ex¬ 
tends in narrow bands, the rod is seen above the green. 
When the Aurora moves sidcway.s from loft to right, or from 
right to left, the red appears invariably in the direction to¬ 
wards which the ray is advancing, and the green remains 
behind it.” It is only in very rare cases that either one of 
the complementary colours, green or red, has been seen alone. 
Blue is never seen, while dark red, such as is presented by 
the reflection of a great fire, is so rarely observed in the 
north that Siljestrdm noticed it only on one occasion.*® The 
luminous intensity of the Aurora never even in Finmark 
quite equals that of the full moon. 

The probable connection which, according to ray views, 
exists between the polar light and the formation of very 
small and delicate fleecy clouds (whose parallel and eqxiivalent 
rows follow the direction of the magnetic meridian), has met 
with many advocates in recent times. It still remains a doubt¬ 
ful question, however,** whether, as the northern travellers, 
Thienemann and Admiral Wrangel believe, tJiese parallel 
fleecy clouds are the substratum of the polar light, or "Whether 

• 

® Op, cU. pp. 35, 37, 45, 67, 431 (yl^rapeme ondulantc, fiamme d*un 
navirs de guerre dtployee liorizofhtaUm,ent et ayi tec par le vent^ crochets^ 
fragments d^arcs et de guirlandes)** M. Bevalet, tbo distinguished artist 
to the expedition, has given an interesting collection of the many varied 
^forma asaumed by this phenomenon. 

See Voy, en Scandinavie {Aur, boreal.), pp, 623—628, 567. 

Cosmos, vol i, p. 194 ; see also, Franklin, Narrative of a Journey to 
the Shores of the Polar Sea in 1819—1822, p. 697; and Kdmtz, ZtfAr- 
buch der Meteorologie, Bd. iii (1836), a. 488—490, The earliest conjec¬ 
tures advanced in relation to the connection between the northern 
light and the formation of clouds are probably those of Frobesius. (See 
Aurorte borealis spectacula, Helmst, 1739, p. 139), 
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they are not rather, as has been conjectured by Franklin, 
Richardson, and myself, the effect of a meteorological process 
generated by and accompanying the magnetic storm. The 
regular coincidence in respect to direction between the very 
fine cirrous clouds (polar bands) and the magnetic decimation, 
together with the turning of the points of convergence, were 
made the subjects of my most careful observation on the 
Mexican plateau in 1803, and in Northern Asia in 1829. 
When the last named phenomenon is comjdete, the two ap¬ 
parent points of convergence do not remain stationary, the 
one in the north-east and the other in the south-west (in 
the direction of the line which connects together the highest 
points of the arch of the polar light which is luminous at 
night), but move by degrees towards the east and west.^® 
A precisely similar turning, or translation of the line, which 
in the true Aurora connects the highest points of the lumi¬ 
nous arch, whilst its bases (the points oi support hy which it 
rests on the horizon) change in tlie azimuth and move from 
east-west towards north-south, has been several times ob¬ 
served with much accuracy in Finmark.^® These clouds ar- 

I will give a single example from my M.S. journal of my Siberian 
journey:—“I spent the whole of the night of the 5—6th of August 
(1829), separated from my travelling companions, in the open nir, at 
the Cossack outpost of Krasnajazarki, the most eastern station on the 
Irtiscli, on the boundary of the Chinese Dzungarei, and henco a place 
whose astronomical determination was of considerable importance. 
The night was extremely clear. In the eastern sky polar bands of 
cirrous clouds were suddenly formed before midnight (which I have re¬ 
corded as petiis moutons 6galement espacis, distribuis en htx/ndes 
paraLlHes etpoiaircs)'. Greatest altitude 35®. The northern point of con¬ 
vergence is movmg slowly toward the east. They disappear without reach¬ 
ing the zenith; and a few minutes afterwards, precisely similar cirrous 
bands are formed in the north-east; which move during a part of the 
night, and almost till sunrise, regularly northward 70° E. An unusually 
large number of falling stars and coloured rings round the moon 
throughout the night. No trace of a true Aurora. Some rain falling 
from speckled feathery masses of clouds. At noon on the 6th of 
August the sky was clear, polar bands were again formed, passing from 
, N;N.E. to S.S.W., where they remained immoveable, without altering 
the azimuth, as I had so often seen in Quito and Mexico.” (The mag¬ 
netic variation in the Altai is easterly.) 

Bravais, who, contrary to my own experience, almost invariably 
; ob^ery^d that the masses of cirrous clouds at Boasekop were directed, 
like the Aurora borealis, at right angles to the magnetic meridian 
{Voyages m Scantdinavie, PhSnomhnc de translation dans Us piedt do 
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ranged in the form of polar bands correspond, accortling to 
the above developed views, in respect to position, with the 
luminous columns or bundles of rays which ascend in the 
true Aurora towards the zenith from the arch, which is 
generally inclined in an east and west direction; and they 
cannot, therefore, be confounded with those arches of which 
one was distinctly seen by Parry in bright day-liglit after 
the occurrence of a northern light. This phenomenon oc¬ 
curred in England on the 3rd of September, 1827, when 
columns of light were seen shooting ii]) from the luminous 
arch even by day.'* 

It has frequently been asserted that a continuous evolu- 
tiefn of light prevails in the sky immediately around the 
northern magnetic pole. Bravais, wlio continued to prose¬ 
cute his observations uninterruptedly for 200 nights, during 
which he accurately described 152 Aurora*, certainly asserts 
that nights, in which no northern lights are seen, are alto¬ 
gether exceptional, but he has sometimes found even when the 
atn;iosphere was perfectly clear, and the view of the horizon 
was wholly uninterrupted, that not a trace of polar light 
could be observed throughout the whole night, or else that 
the magnetic storm did not begin to he apj^arent until a very 
late hour. The greatest absolute number of northern lights 
appears to occur towards the close of the month of September; 
and as March, when compared with February and April, 
seems to exhibit a relatively frequent occurrence of the phe¬ 
nomenon, we are here led, as in the case of other magnetic 
phenftnena, to conjecture some connection with the period 

Varc det^ Atvrores hordalcs, pp. 534—537), describes with his accftlstomed 
exactitude the turnings or rotations of the true arch of tin* Aurora 
borealis, pp. 27, 92, 122, 437. Sir James Iloss has likewise observed in 
the southern hemisphere similar progresBive alterations of the arch of 
the Aurora (a progression in the southern lights from W.N.W'.— E.S.E. 
to N.N.E. —S.S.W.) Voyage hi the Southern and Antarctic RegionHy vol. i, 
p. 811. An absence of all colour seems to be a frequent characteristic 
of southern lights, vol. i, p. 266, vol. ii, p. 209. Regarding the absence 
of the northern light in some nights in Lapland, see Bravais, Op, ciL 
p. 545. 

Cosmos, vol. i, p. 191, The arch of the Aurora seen in bright day¬ 
light reminds us by the intensity of its light of the nuclei and tails Of ; 
the cornets of 1843 and 1847, which were recognised in the immediate 
vicinity of the sun in North Aniericva, Parma, and London* Oj>, ctL 
voh i, p. 85, vol. iii. p. 543. 
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of the equinoxes. To the northern lights which have been 
seen in Peru, and to the southern lights which have been 
visible in Scotland, we may add a coloured Aurora, which 
was observed for more than two hours continuously by 
Lafond in the Candide, on the 14th of January, 1831, south 
of !N^ew Holland, in latitude 45*^,^® 

The accompaniment of sound in the Aurora has been as 
definitely denied by the French physicists and Siljestrom at 
Bossokop*® as by Thienemann, Pariy, Franklin, Richardson, 
Wrangel, and Anjou. Bravais estimated the altitude ofithe 
phenomenon to be fully 51307 toisos (or 52 geographical 
miles), whilst an otherwse very careful observer, Farquhar- 
son, considers that it scarcely amounts to 4000 feet. The 
data on wliich all those determinations are based are very 
uncertain, and are rendered less trustworthy by optical illu* 
sions, as well as by erroneous conjectures regarding the posi¬ 
tive identity of the luminous arch scon simultaneously at two 
remote points. There is, however, no doubt whatever of tho 
influence of the northern light on declination, inclination, 
horizontal and total intensity, and consequently on all the 
elements of terrestrial magnetism, although this influence 
is exerted very unequally in the different phases of this great 
phenomenon, and on the different elements of the force. 
The most complete investigations of the subject were those 
made in Lapland by the able physicists Siljestrom and 
Bravais^'^ (in 1838—1839), ami the Canadian observations at 
Toronto (1840—1841), which have been most ably dis¬ 
cussed by Sabine.^* In the preconcerted simultaneoirtf ob¬ 
servations which were made by us at Berlin (in the Men- 
delssohn-Bartholdy Garden), at Freiberg below the surface 
of the earth, at St, Petersburg!), Kasan and Nikolajew, we 
found that the magnetic variation was affected at all these 
places by the Aurora borealis, which was visible at Alford in 
Aberdeenshire (57"^ 15' N. lat.) on the night of the 19-20th 
of December, 1829. At sonic of these stations, at which 

Compter rendns de VAcad. des Sciences, t, iv, 1837, p. 589. 

Voi/iiffes en Scandhiavie, cn Laponic, etc., {Awrores horMes,) p. 559; 
and Martm'fi Trad, de la M^t^orologie de Kaemtz, p. 460. In reference ■ 
to the conjectured elevation of the northern light, see Bravais, Op. dt, 
pp. 549, 659. 

Op. cit. p. 462, 

i Sabine, Unusual Magnet. Disturhances, pt. i, pp. xviii, xxii, 3, 54. 
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the other elements of terrestrial magnetism conld be noted, 
the magnetic intensity and inclination were affected no less 
than the variation.^® 

During the beautiful Aurora, which Professor Forbes ob¬ 
served at Edinburgh on the 21st of March, 183^, the inclina¬ 
tion was strikingly small in the mines at Freiberg, while the 
variation was so much disturbed that the angles could scarcely 
be read off. The decrease in the total intensity of the mag¬ 
netic force which has been observed to coincide with the in¬ 
creasing energy of the luminosity of the northern light is a 
phenomenon which is worthy of special attention. The mea¬ 
surements whicli I made in conjunction with Oltmanns at 
Berlin during a brilliant Aurora on the 20th of December, 
1806,®® and which are printed in Hansteen’s “ Unter- 
suchungen iiber den Maguetis)nus dor Erdc,” were con- 

Dove, in Poggend. Ann. Bd. xx, s. 333—311. The unequal influ¬ 
ence which an Aurora exerts on the dipping needle at points of the 
earth's surface, whicli lie in very different meridians, may in many 
cases lead to the local dotermin.ition of the active cause, since the mani¬ 
festation of the luminous magnetic storm does not by any means always 
originate in the magnetic pole itself; while, moreover, as .Argclandcr 
maintained and as Bravais has confirmed, the summit of the luminous 
arch is in some cases as much as 11“ from tlie magnetic meridian. 

^ ''On the 20th of December, 1806, the heavens were of an azure 
blue, with not a trace of clouds. Towards 10 p.m. a rcd<lish-yellow 
luminous arch appeared in the N.N.W., thrf)Ugh whicli I could distin¬ 
guish stars of the 7th magnitude in the night telescope. I found the 
azimuth of this point by means of a Lyra?, which was almost directly 
under the highest point of the arch. It was somewhat further we^t 
the# the vertical plane of the magnetic variation. The Aurora, which 
was directed N.N.W., caused the north pole of the needle \o bo deflected, 
for, instead of progressing westward like the azimuth of arch, the 
needle moved back towards the east. The changes in the magnetic 
declination, which generally amount to from 2' 27" to* 3' in the 
nights of this month, increased progressively and without any great 
oscillation to 26' 28" during the northern light. The variation was tho 
smallest about 9h. 12m. when tho Aurora was the most intense. We 
found that the horizontal force amounted to 1' 37".73 for 21 vibrations 
during the continuance of the Aurora, while at 9h. 50m. A.M., and con¬ 
sequently long after tho disappearance of the Aurora, which had en¬ 
tirely vanished by 2h, 10m. a.m. it was 1' 37".17 for the same number 
of vibrations. The temperature of the room, in which tho vibrations of 
the small needle were measured, was in the first case 37°.76 P. and 
in the second 37®.04 F. The intensity was therefore slightly diminished 
during the continuance of the northern light. Tho moon presented no 
coloured rings,” From my magnetic journal, see Hansteen, s. 459. 
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fuitned by Sabine and the French physicists in Lapland in 

1838 /^' 

While in this careful development of the present condition 
of our positive knowledge of the phenomena of terrestrial 
magnetism, I have necessarily limited myself to a mere ob¬ 
jective representation of that which did not even admit of 
being elucidated by merely theoretical views, based only 
upon induction and analogy ; I have likewise purposely ab¬ 
stained in the present work from entering into any of those 
geognostic hypotheses, in which the direction of extensive 
mountain chains and of stratified mountain masses is con¬ 
sidered in relation to its dependence upon the direction of 
magnetic lines, more especially the isoclinal and isodynamic 
systems. I am far from denying the influence of all cosmical 
primary forces—dynamic and chemical forces—as well as of 
magnetic iind electrical* currents on the formation of crystal¬ 
line rocks and the filling up of veins but owing to the 
pi'ogrcssive movement of all magnetic lines and their conse¬ 
quent change of form, their present position can teach us 
nothing in reference to the direction in primeval ages of 
mountain chains, which have been upheaved at very different 
epochs, or to the consolidation of the earth’s crust, from 
which heat was being radiated during the process of its 
hardening. 

Of a different order, not refemng generally to terrestrial 
magnetism, but merely to very partial local relations, are 
those geognOstic phenomena, which have been designated by 
the name of the magnetism®'* of mouiitain masses. TItese 
phenomena engaged much of my attention before my Ame¬ 
rican expedition, at a time when I was occupied in examin¬ 
ing the tnagnetic serpentine rock of the Haidbcrg moun¬ 
tain in Franconia in 1796, and then gave occasion in 

Sabine, 0% Days of Unnsv,al Magn, Distvt/rhancos^ pt. i, p. xviii. 

M. Bravais concludes from the observations made in Lapland that the 
horizontal intensity diminishes when the phenomenon of tho Aurora 
borealis is at its maximum” (Martins, p. 461). 

^ Delesse, Sur Tassociation des mindraux dans les roches qiii ont 
un pouvoir magndtique dlevd, in the Coinptes rendus de FAcad. des J^c, 
t. xxxi, 1860, p. 806; and Aimaks des Mines, 4toe Sdrie, t. xv (1849), 
p. 130. 

Beieh, Z7e6er Gehirgs^imd Gestems-Magnetisrnm, in Poggend. Ana. 
Bd. Ixvii, 8. 35. 
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Germany to a considerable amount of literary dissension, 
which, however, was of a very harmless nature. They pre- ‘ 
sent a number of problems, which are by no means incapable 
of solution, but which have been much neglected in recent 
times, and only very imperfectly investigated both as regards 
observation and experiment. The force of this magnetism 
of rocks may be tested for the determination of the increase 
of magnetic intensity by means of pendulum experiments 
and by the deflection of the needle in broken off fragments of 
hornblende and chloritic schists, serpentine, syenite, dolerite, 
basalt, melaphyre and trachyte. We may in this maniler 
decide by a comparison of the specific gravity, by the rinsing 
‘ of finely pulverised masses, and by the application of the 
microscope, whether the intensity of the polarity may not 
depend in various ways upon the relative position, rather 
than upon the quantity, of the granules of magnetic iron 
and protoxide of iron, intermixed in the mass. More im¬ 
portant, however, in a cosmical point of view is the question 
which I long since suggested in reference to the Haidberg 
mountain ; whether there exist entire mountain ranges, in 
which opposite polarities are found to occur on opposite de¬ 
clivities of the mass.** An accurate astronomical determi- 

** This qucBtion was made the subject of lively discussion when, in 
tho year 17^0, at the time that I fulfilled the duties of euperiutendent 
of the mining operations in the Fichtelgebirge, in Franconia, I dis¬ 
covered tho remarkable magnetic serpentine mountain (the Haidberg) 
near Qefress, which had the property at some points of causing the 
needle to be deflected at a distance of even 23 feet {In^elliyeiiz-Blatt der 
Allgcm. Jenacr Litteratur-Zeiiung, Dec, 1796, No. 169, s, 1447, and 
Marz, 1797, No. 38, s. 323 — 326; Qren’s Neuca Joumodk^der Phyaile, 
lid. iv, 1797, s. 136 ; Annales de C/dmie, t. xxii, p. 47), l^had thought 
that the magnetic axes of the mountain were diametrically opposed to 
the terrestrial poles; but according to the investigations of BischoflF 
and Goldfuss, in 1816 {Beackreibiing des Pichfetgebirges, Bd. i, s. 176), it 
.would appear that they discovered magnetic poles, which penetrated 
through the Haidberg and presented opposite poles on the opposite 
declivities of the mountain, while tho directions of the axes were not 
the same as I had given them. The Haidberg consists of dull green 
serpentine, which partially merges into chloritic and hombfende schists. 
At the village of Voysaco, in the chain of the Andes of Pafito, we saw 
the needle deflected by fragments of porphyritic clay, while on the 
ascent to Chimborazo, groups of columnar masses of trachyte disturbed 
the motion of the needle at a distance of three feet. It struck me tus' a 
very remarkable fact tlut I should have found in the black and red 
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of which (17,084 feeb) was reached by Friedrich Parrot in 
the year 1829, and by Abich and Chodzko in 1845 and 1850, 
forms, like Chimborazo, an un-opened dome. Its vast lava- 
streams have burst forth far below the snow-line, A more 
important character in the formation of Ararat is a lateral 
chasm, the deeply-cut A^alley of Jacob, which may be com¬ 
pared with the Val del Save of Etna, In this, according to 
Abich’s observation, the inner structure of the nucleus of 
the trachytic dome-shaped mountain, first becomes really 
visible, as this nucleus and the upheaval of the whole of 
Ararat arc mnch more ancient than the lava-streams’ 
The Kasljegk and Tscliogem wbicli Jiave broken out upon tlie 
same principal Caucasian mountain I'idge (E.S.E.—W'.N.'W.) 
as the Elburuz (19,7lG feet) are also cones without craters at 
their summits, Avliilst the colossal Elburuz bqars a. crater-lake 
upon its summit. 

As conical and domc-like forms are by fir the most fre¬ 
quent in all regions of the e irtli, the isolated occurrence 
of tlie long ridge of the volcano of Picliinclia, in the group 
of volcanoes of Quito, becomes all tJie more remarkable. I 
have occupied myself long and carefully Avith the study of 
its structure, and, besides its profile view, founded upon 

maximum of its oscillation, presents perpendicular bases of 15,777 feet 
above the surface of the sea, ami of 6‘.19G feet abtwo the platea\i in 
which the cities of Quito, Hambato, and Nuevo Riobambaarc situated; 
bases which, corabiued with v'ory accurate measurements of angles of 
elevation, may bo employed for determining distance in many topogra¬ 
phical labours which are to be rapidly executed. The second of the 
level-lines hero indicated, the horizontal which bound^j tho lower por¬ 
tion of a single occasional snow-fall, is decisive as to the relative height- 
of the mountain domes which do not reach into the region of perpetual 
snow. Of a long chain of such mountains, which have been erroneously 
supposed to ba of equal height, many are below the temporary snow¬ 
line, and thus the snow-fall decides as to the rohitivu height. I have 
heard such considerations as these upon ])crpetual and accidental snow- 
limits from tho nioutlis of rough country people and herdsmen in the 
mountains of Quito, whore the Sierras Nevadas are often close together 
although they are not connected by the same line of perpetual snow. 
Grandeur nature sharpens tho perceptive faculties in particular 
individuals amongst the coloured aborigines, even when they are on 
the lowest steps of civilization, 

^ Abich, Bahtin dc id SocUU de Q^ograpJiie, 4me sdrie, t. i (1S5I), 
p. 517, with a very beautiful representation of the form of the old 
volcano. 

VOL. V. R 
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numerous angular measuremeuta, have also published a topo¬ 
graphical sketch of its transverse valleys.® Pichmeha forms 
a wall of black trachytic rock (composed of augitc aud oligo- 
clase) more than nine miles in length, elevated upon a fissure 
in the most western Cordiller.as, near the South Sea, but 
without the axis of the high mountain ridge coinciding in 
direction with that of the Cordillei-a. Upon the ridge of 
the wall, the three domes, .set up like castles, follow from 
S.W. to N.E. ; Cuntiir-guachaiia, Cuagua-Pichiucha (the 
child of the old volcano) and el Picacho de los Ladrillos. 
The true volcano is called the Father or the Old Man, Bucu- 
Pichincha. It is the only part of the long mountain ridge 
that-reaches into the region of i)eipctual snow, .and thei’e- 
fore rises to an elevation winch exceeds tlie dome of Guagua- 
Pichincha, the child, by .about 190 feet. Thi’ce tower-like 
rocks surround* the oval crater, which lie somewhat to the ' 
south-west, and therefore beyond the axial direction of a 
waU which is on the average 1.9,400 loot in height. In the 
spring of 1802,1 reachetl the eastern rocky tower accomj)anied 
only by the Indian, Felipe Aldas. W(i stood there upon the 
extreme margin of the crater, .about 24.91 feet above the bot¬ 
tom of the ignited chasm. Sebastian Wissc, to whom the phy¬ 
sical sciences are indebted for so many interesting obsoiwations 
during his long residence in Quito, had the coui-age to pass 
several nights, in the year 1845, in a p.art of the crater where 
the thermometer fell towards sunrise to 28°. The crater is 
divided into two poitions by a rocky ridge, covered with 
vitrified scorisc. The eastern portion lie^ more than a 
thousand loot deeper than the western, and is n%w the real 
seat of volcanic activity. Here a cone of eruption rises to 
a height of 266 feet. It is surrounded by more than seventy 
' ignited fumaroles, emitting sulphurous vapours.® From this 
circular eastern crater, the cooler parts of which are now 
covered with tufts of rushy grasses, and a Pourretia with 
Bromelia-like leaves, it is probable that the eruptions of 
fiery scorise, pumice, and a,shes of Rucu-Pichincha took 
place in 1539, 1560, 1566, 1577, 1580, and 1660. The city 

8 Humboldt, 'V^^es de Cordillcres, p. 295, pi. Ixi, and Atlai de la 
Bilat. Hist, du Voyage, pi. 27. 

® Kleinere ^hriften, Bd. i, s. 61, 81, 83, aud 88. 
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of Quito was then frequently enveloped in darkness for days 
together by the falling, dust-like rapilli. 

To the rarer class ol volcanic forms which constitute elon¬ 
gated ridges belong, in the old world, the Galungung, with a 
large erater, in the western part of Java the doloritic mass 
of the Schiwelutsch, in Kamtschatka, a mountain-chain upon 
the ridge of which single domes rise to a height of 10,170 
feet Hecla, seen from the north-west side, in the normal 
direction upon the principal and longitudinal fissure over 
wh ich it has burst forth, as a broad mountain-chain, fur¬ 
nished with various small peaks. Since the last eruptions of 
1845 and 1846, which yielded a lava-strcjim of 8 geographical 
miles in length and in some places more than 2 miles in 
breadth, similar to the stream from Etna in 1669, five caldron¬ 
like craters lie in a row upon the ridge of Hecla. As the 
principal fissure is directed N. 65"’E., the volcano, when seen 
from Selsundsfjall, that is from the south-west side, and 
therefore in transverse section, appear.^ as a pointed conical 
mountain,** 

If the forms of volcanoes arc so I’emarkably different 
(Cotopaxi and Pichincha) without any variation in the 
matters thrown out, and in the chemical pi'occsscs taking place 
in the depths of their interior, the relative position of the 
cones of elevation is sometimes still more singular. Upon, 
the island of Luzon, in the group of the Philippines, the still 
active volcano of Taal, the most destructive eruption of 
which was that of the year 1754, rises in the midst of a 
large lake, inhabited by crocodiles (called the laguna de 
JSombon). The cone, which was ascended in Kotzebue’s 
voyage of discovery, has a crater-lake, from which again a 
cone of eruption, with a second crater, rises.'* This descrip- 

4 

Junghubn, durch Java^ 1845, b. 215, Tafel xx. 

See Adolf jSrman’a Reise um die Erde^ wLich as also very important 
in a geognostic point of view, Bd. iii, s, 271 and 207. 

Sartorius von Waltershauaen, Physi8ch'geograph.uclie &hizse von 
Jala/fidj lSi7, s. 107> and his Oeognostiacker Atlas von Island, 1S53, 
Tafel XV and xvi. 

Otto von Kotzebue, Entdeckungs-Eeise in die Sudsee mid in die 
^erings-Straase, 1815—1818, Bd. iii, a. 68; Reise-Atlaa von C%om, 1820, 
Tafel 5; Vioomte d’Arcbiac, Sistoire des Progria de la Giologk, 1847, 
t. i, p. 544; and Buzeta, Diedonario Oeogr, estad, Iliatortco de las islas 
Filipinaa, t.ii (Madrid, 1851), pp. 43C and 470—471, in which, however,* 

B 2 
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tion reminds one involuntarily of Hanno’s journal of his 
voyage, in which an island is referred to, enclosing a small 
lake, from the centre of which a second island rises. The 
phenomenon is said to occur twice, once in the Gulf of the 
Western Horn, and again in the Bay of the Gorilla Apes, on 
the West African coast.'* Such particular descriptions may 
he believed to rest upon actual observation of nature! 

The smallest and greatest elevation of the points at which 
the volcanic energy of the interior of the earth shows itself 
permanently active at the surface, is a hypsometric considera¬ 
tion possessing that intcrc.■^t for the physical description of 
the earth which belongs to all facts relating to the reaction 
of the fluid interior of the planet upon its surface. Tho 
degree of the upheaving force'® is certainly evidenced in the 
height of volcanic conical mountains, hut an opinion as to 
the influence of comparative elevation upon the frequency 
and violence of eruptions must he given with great caution. 
Individual contrasts of the frequency and strength of similar 
actions in very high or very low volcanoes, cannot be deci¬ 
sive in this case, and our knowledge of the many hundred 
active volcanoes, supposed to exist upon continents and 
islands, is still so exceedmgly impeifect that tho only deci¬ 
sive method, that of aveiage numbers, is as yet misapplied. 
But such average nuxnbers, even if they should furnish the 
definite result at what elevation of the cones a quicker 
return of the eruptions is manifested, would still leave room 
for the doubt that the incalculable contingencies occurring 

thedoublo encircling of a crater in the crater-lake, mentioned alike accu¬ 
rately and circumstantially Ly Delamare, in his letter to Arago (Novem¬ 
ber, 1842, Compics reudm dc CAcad. dcs Sciences, t. xvi, p. 766) is not 
referred to. The great eiaiption ui December, 1754 (a previous and 
more violent one took place on the 24th September, 1716), destroyed 
the old village of Taal, situated on the south-western bank of tho lake, 
• which was subsequently rebuilt at a greater distance from the volcano. 
The small island of tho lake upori which the volcano rises is called hla 
del Volcan. (Buzeta loc. cit.) The absolute elevation of the volcano of 
Taal is scarcely 895 feet. It is, therefore, like Cosima, one of the lowest. 
At tho time of the American expedition of Captain Wilkes (1842) it 
was in full activity. Sec United States Exploriny Expedition, vol. t. 
p. 317. 

Humboldt, Examen Critique de I'Hist, de la, Q6ogr. t. iii, p. 135; 
jHannonis Periplus, in Hudson’s Geogr, Grceci min. t. i, p. 46. 

'® Cosmos, vol. i, p. 227. 
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in the network of fissures, which may be stopped up with 
more or less ease, may act together with the elevation ; that 
is to say, the distance from the volcanic focus. The pheno- 
, menon is consequently an uncertain one, as regards its 
causal connexion. 

Adhering cautiously to matters of fact, where the compli¬ 
cation of the natural phenomena and the deficiency of histo¬ 
rical records as to the number of eruptions in the lapse of 
ages have not yet allowed us to discover laws, I am con¬ 
tented with establishing five gi'oups for the comparative 
hypsometry of volcanoes, in which the classes of elevation are 
characterised by a small but certain number of examples. 
In these five groups I have only referred to conical moun¬ 
tains rising isolated and furnished with still ignited craters, 
and consequently to true and still active volcanoes, not to 
unopened dome-shaped mountains, such as Chimborazo. AU 
cones of eruption wdiich arc dependent upon a neighbouring 
volcano, or which, when at a distance from the latter, as 
upon the island of Lancerote, anrl in the Arso on the 
Epomeus of Ischia, have j)reservcd no permanent comiection 
between the interior of tlie earth and the atmosphere, are 
here excluded. According to the testimony of the most 
zealous observer of the vnlcanicity of Etna, Sartorius von 
Waltershausen, this volcano is siuToundcd by nearly 700 
larger and smaller cones of eruption. As the measured ele¬ 
vations of the summits relate to the level of the sea, the 
present fluid surface of the planet, it is of importance hei'e 
to advert to tjie fact that insular volcanoes,—of which some 
(such as the Javanese volcano Cosima,^" at the entrance of 
the Straits of Tsugar, described by Homer and Tilesius) do 
not project a thousand feet, and others, such as the Peak of 
Tcneri&j” arc more than 12,250 feet above the surface of 

For the position of this volcano, which is only exceeded in small¬ 
ness by the volcano of Tanua, and that of the Mendaua, see tho fine 
map of Japan by F. von Sicbold, 1840. 

I do not mention hei-c, with the Peak of Tenerlffc, amongst the 
insular volcanoes, that of Maiina-Roa, the conical form of which docs 
not agree with its name. In tho language of the Sandwich Islanders, 
mauna signifies mountain, and roa, both long and much. Nor do I 
mention Hawaii, upon the height of which there has so long been a 
dispute, and which has been described as a tmcbytic dome not opened 
•at the summit. The celebrated crater Kirauoah (a lake of molten, 



240 


COSMOS. 


the sea,—have msed themselves by volcanic forces above ae 
sea-bottom, which has often been found 20,000 feet, nay, in 
one case, more than 45,838 feet, below the present surface of 
the ocean. To avoid an en'or in the numerical proportions 
it must also bo mentioned that, although distinctions of the 
first and fourth classes,—volcanoes of 1000 and 18,000 feet 
(1066 and 19,188 English feet)—appear very considerable for 
volcanoes on continents, the ratios of these numbers are 
quite changed if (from Mitscherlich’s experiments upon the 
melting point of granite, and the not very probable hypo-^ 
thesis of the uniform increase of heat in proportion to the 
depth in arithmetical progression) we infer the upper limit 
of the fused interior of the earth to be about 121,500 feet 
below the present sea level. Considering the tension of elastic 
vapours, which is vastly iu(a*eased by the stopping of volcanic 
fissures, the diflerences of elevation of the volcanoes hitherto 
measured are certainly not considerable enough to be 
regarded as a hindrance to the elevation of the lava and other 
dense masses to the height of the eratei*. 

JTypsometry of Volcanoes. 

First groupy from 700 to 1000 Paris or 746 to 4264 English 

feet in height. 

The volcano of the Japanese ialanJ (Josima, to the south of Jezo: 
746 feet, according to Horner. 

The volcano of the Liparian island Volcano: 1305 English feet, 
according to F. Hoffmann.^** 

Qanung Api (signifying Fierg Mountain in the Malay laiiguage), the 
volcano of the island of Banda: 1949 feet. 

boiling lava) lies to the eastward, near the foot of the Maiina-Roa, accord¬ 
ing to Wilkes, at an elevation of 3970 feet. See the excellent description 
in Charles Wilkes’ Exploring Exjjcdition, vol iv, pp, 165—196. 

Letter from F. Hoffmann to Leopold von Buch, upon the Qeog- 
nostic Constitution of the Lipari Islands, in Poggend. Anmalen, Bd. xxvi, 
1832, 8. 59. Volcano, 1268 feet, according to the recent measurement 
of C. Sainte-Claire Deville, bad violent eruptions of scoria) and ashes in 
the year 1444, at the end of the 16th century, in 1731, 1739, and 1771. 
Its fumaroles contain ammonia, horato of selenium, sulphuret of 
arsenic, phosphorus, and, according to Bomemann, traces of iodine. 
The last three substances occur here for tho first time amongst vol¬ 
canic products {Comptes rmdua de VAcad. dcs SekneeSy t. xliii, 1856,, 
p. 683). 
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The volcano of Izalco/^ in the state of San Salvador (in Central 
Arnericii) which was first ascended in the year 1770, and which 
is in a state of almost constant eruption: 2132 feet, according 
to Squier. 

Gunung Ringgit^ the lowest volcano of Java: 2345 feet, according to 
Junghuhn.^ 

StromhoU: 2958 feet,'according to F. ITolFmann* 

VemvinSj the Rocca del PalOf on the highest northern margin of the 
crater : the .iverage of rny two barometrical mea'siirements-* of 1805 
and 1822 gives 3997 feet. 

. The volcano of Joridlo, which broke ont in the elevated jilatean of 
Mexico^* on the 29th September, 1759: 4266 feet. 

i 

Second group, from 4000 io 8000 Paris or 42G4 to 8528 

JEnglish feet in height. 

Mont PtU, of Martini(pic ; 4707 feet, according to Dupnget. 

The Soufrilret of Ouadaloui)e: 4vS67 feet, acconlnig to C. Dcville. 

Guinvmy Lamovgav, in tlie most eastern pait of Java: 5341 feet, 
accoxTling to Jnnghubn. 

Gunung Tci^ggcr, which has the largest crater-^ of all the volcanoes of 
Java: height at the cone of eiuption of Bromo, 7547 icet, accord¬ 
ing to Jimghuhn. 

The volcano of Osorna (Chili): 7550 feet, according to Fitzroy. 

The volcano of Pko-^ (Azores): 7614 feet, according to Captain 
Vidal. 

The volcano of the island of Bourbon: 8002 feet, according to 
Berth. 


Squier, in the tenth annual meeting of the American Association, 
Newhaven, 1850. • 

^ See Franz Junghuhn’s exceedingly instructive work, Java, seine 
Gestalt'und PJlanzcndcch\ 1852, BJ, i, s. 99. Ringgit has been nearly 
extinct, since its fearful eruption in the year 1586, which cost the lives 
of many thousand people. 

The summit of Vesuvius is, therefore, only 260 feet higher than 
the Brocken. 

23 Humboldt, Vues dcs CordtUdres, pi. xliii, and Atlas geogr. et 
physique, pi, 29. 

*•* Junghuhn, Op. cit. sup. Bd. i, s. 68 and 98. 

2'! See my Relation llisforlqiie^ t. i, p. 93, especially with regard to 
the distauco at which the summit of the volcano of the island of Pico 
has sometimes been seen. FeiTcr’s old measurement gave 7918 feet, 
and therefore 304 feet more than the certainly more cai’cful survey of 
Captain Vidal in 1843, 
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Third group, from 8000 to 12,000 Paris or 8528 to 12,792 

English feet in height. 

Tlie volcano of Atvatscha (reniusula of Kamtscliatka), not to be con- 
founded-''* with the rather more northern ^trjcloschnaja Soplca, 
which is usually called the volcano of Awatscha by the English 
navigators; i)912 feet, according to Erman. 

Th? volcano of Anhico"^ or Antoio (Chili): 8920 feet, according to 
Eomej’ko. 

The volcano of the island of Fofjtp (Cape Verd Islands): 9154 feet, 
according to Charles Dcville. 

I 

The volcano of Sehiweluf^rK (Kamtschatka): the north-eastern 
Bumniit 10,551 feet, according to ErmanA'^ 

Erman, in his intcrcating geoguo.-tic descriplion of the volcanoes 
of tlie peninsula of Kaintschatka, gives the Awatschinskaja or Gorelaja 
Sopka as 8912 feet, and the Strjeloschnaja ISopka, which is also called 
Korja&kaja Sopka, as 11,822 feet (UeisCy Ikl. iii, s. 494 and 540). See 
with regard to these two volcfinoes, of which the former is the most 
active, Leopold de Biich, l>eBCi\ Physique dcs lies Canaries^ pp. 447 — 
450, Erman’s measurement of the volcano of Awatscha agrees beat 
with the earliest moasurementa of Mongez (8739) during the expedition 
of La Perouse (1787), and with the more recent one of Cajitain Beechy 
(9057 feet), Hofmauii in Kotzebue's voyage, and Lenz in Lutke’s 
voyage, found only 8170 and 821 Infect; see Lutke, Voyaye autour du 
MondCj t, iii, pp, 67—84. The admiral’s measurement of the Strjelo- 
Bchuaja Sopka gave 11,222 feet. 

See Pentland’s table of elevations in Mrs. Rnmervillo’s Physical 
Gcoyraidiy^ vol, ii, p. 452 ; Sir Woodbine Parish, Buenos-Ayre^ and the 
Province of the Rio dc la PlaiUj 1852, p. 343; Poppig, ReUe in Chile und 
/Vm, Bd. i, s. 411—434. 

-7 Is it probable that the Iiright of the summit of this remarkable 
volcano is gradually diminishing ? A barometrical mcasiffement by 
I'aldey, Vidal, and Miulge, in the year 1319, gave 2975 metres or 9760 
feet; whilst a very accuiato and practised observer, Bainte-Claire 
Devillc, who has done such imjiortant service to the geognosy of 
volcanoes, only found 2790 meties or 9154 feet in tlie year 1842 
{Voyage avx lies AyUlUes et d Vile de Pogoy p. 155). Captain King 
had a little while before determined the height of the volcano of 
Fogo to be only 2686 metres or 8813 feet. 

Erman, Rche^ Bd. iii, s. 271, 275, and 297. The volcano Scliiwe- 
lulfich, like Pichincha, has a form which is rare amongst active vol¬ 
canoes, namely, that of a long ridge {clirclci)^ upon which singlo domes 
and crests {gr^nii) rise. Dome-sha]jed and conical mountains are 
always indicated in the volcanic district of the peninsula by the name 
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UtnaP according to Smyth, 10,871 feet. 

Peak of Teneriffe: 12,161 feet, according to Charles Dcville.^o 

Tlie volcano Gunung Scmeriif the highest of all mountains on the 
island of Java: 12,237 feet, according to Junghuhn’s barometrical 
measurement. 

TJio volcano Erehns, lat. 77® 32', the nearest to the south pole 
12,366 feet, according to Sir James Ros.^. 

The volcano in Cappadocia, now ErdscJusch-Daghj south- 

south-east of Kaisarieh: 12,603 feet, according to Peter voa 
Tschichatscheff. 


For an account of the remarkable agreement of the trigonome¬ 
trical with the barometrical measurement of Sir John Herschel, see 
CosmoSj vol. i, p. 6. 

The bavometricyil measurement of Sainte-Claire Deville {Voy. aur. 
Antillc^^ pp. 102—-118), in the year 1842, gave 3706 metres or 12,161 
feet, nearly agreeing with the result (12,184 feet) of Borda’s second 
trigonometrical measurement in the year 1776, which I was enabled to 
piiblish for the first time from the manuscript in the Di5p6t de la 
Marine (Humboldt, Voy. aiix Regions Eqiiinox, t. i, pp. 116 and 275— 
287). Borda's first trigonometrical measurement, undertaken in con¬ 
junction with Pingr5 in the year 1771, gave, instead of 12,184 feet, 
only 11,142 feet. The cause of the error was the false reading of an 
angle (33' instead of 53'), as was told me by Borda himself, to whose 
great i)crsoDal kindness I was indebted for much useful advice before 
my voyage on the Oiinoco. 

I follow Pentland’s Cvstimate of 12,367 feet, especially because 
iu Sir James Ross* Voyage of Discovery in the Antarctic Regions, 
vol. i, p. 216, the height of the volcano, the eruptions uf smoko and 
flame from which were seen even in the day time, is given in round 
numbers at 12,400 feet. 

With regard to Arganis, which Hamilton was the first to ascend and 
measure baromoJrically (at 12,708 feet or 3905 metres), see Peter voa 
Tschichatscheff, Asie Mincure (1853), t. i, pp. 441—449, and 571. In his 
excellent work {Researches in Minor), William Hamilton obtained 
as the mean of one barometrical measurement and several angles of 
elevation 13,000 feet; but if the height of Kaisarieh is 1000 feet less 
than he supposes, it would be only 12,000 feet. See Hamilton, in Trans^ 
Geolog. Society, vol. v, pt. 3,1840, p. 596. Towards the south-east from 
Arg.Tus (Erdschisch Dagh) In the great jilain of Eregli, numerous very 
small couea of eruption rise to the south of tlio village of Knrabunar 
nnd the mountain group Karadscha-Dagh. One of these, furnished 
with a crater, has a singidar shape like that of a ship, running out in 
front like a beak. This crater is situated in a salt lake, on tho road 
from Karabiinar to Eregli, at a distance of fully four miles from the 
former place. The hill bears the same name (Tschichatscheff, t. i, p. 455; 
Willinm Hamilton, Researches in Asia Minor, vol. ii, p. 217). 
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Fourth groupy from 12,000 to 10,000 Paris or 12,792 to 

17,056 English feet in height. 

The volcano of in the liighlands of the Provincla de los 

Pastes: 12,821 feet, according to lioussingault. 

' The volcano of 13,453 feet, according to Bousaingauli. 

The volcano Mauna-Roa.^ 13,761 feet, according to Wilkes. 

The volcano of Ciimhal^^^ in the Provincia de loa Pastoa: 15,621 
feet, according to Eouasingault. 

The volcano Klintschewslc^'^ (Kamtschatka): 15,766 feet, according 
to Ernian. 

The volcano iJwf2i-PicAz.)?c7ia.' 15,926 feet, according to llumboldt’a 
barometrical measurements, 

^ Tlie height here given is properly that of the grass-green monntaia 
lake, Layniia verde^ t)n the margin of which is situated the solfatara 
examined by Bousaiugault (Acosta, Viajcs Cientificos d tonAndtsEcuato* 
rialestf 1819, p. 75). 

Boussingaiilt succeeded in reaching the crater, and determined 
the altitueic barometricaily; it agrees very nearly with that which I 
ma/le known approximately 23 years before, on my journey from 
Popayan to Quito. 

^ The altitude of few volcanoes has been so over-estimated as that 
of the Colossus of the Sandwich Islands. Wo ace it gradually fall from 
18,410 feet (the estimate given in Cook's third voyage), ]6,486feetin 
King's, and 16,611 feet in ilarchaud’s measurement, to 13,761 feet by 
Captain Wilkes, and 13,524 feet by Horner in Kotzebue's voyage. 
The grounds of the last-mentioned result were first made known by 
Leopold von Buch in the l>escription Physique des lies Cawries^ p. 379. 
See Wilkes, Ej'plorlvy ErreAlltiony vol. iv, pp. Ill—162. The eastern 
margin of the crater is only 13,442 feet. The assumption of a greater 
height, considering the asserted freedom from snow of‘the Mauna-Roa- 
(lat, 19’’ 28'; would also he in contradiction to the result thaf according 
to my measurements in the Mexican continent in the same latitmle, the 
«limit of perpetual snow has been found at 14,775 feet (Humboldt, 
Voyage aux Regions Equinox, t. i, p, 97; Asie Centrale, t. iii, p. 269 and 
859). 

3® The volcano rises to the west of the villngc of Cumbal, which is 
itself situated 10,565 feet above the soa-level (Acosta, p. 76), 

37 I-give the result of Erman's repeated measurements in September, 
1829. The height of the margin of the crater is exposed to alterations 
by frequent erui>tionfs for in August, 1828, moasurementa which might 
inspire equal confidence gave an altitude of 16,033 feet. Compare 
Erman’a PhysHcatuche Bcobachtungm auf einer Rcise urn die Erde^ Bd. i, 
8. 400 and 419, with the historical accoimt of the journey, Bd. iii, 
8. 358—360, 
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The volcano TungwrcJina: 16,494 feet, according to a trigonometrical 
measurement^ by Humboldt, 

The volcano of Purace^^'^ near Popayan: 17,010 feet, according to 
Jos<5 Caldas. 

Fifth group, from 10,000 to more than 20,000 Faris or from 
17,050 to 21,320 English feet in height. 

The volcano Sangay, to the south-west of Quito: 17,123 feet, ac- 
coixliiig to Rouguer and La Condamine.'*^ 

Tlie volcano Popocatepetl.^^ 17,729 feet, according to a trigonometric 
cal measurement by Humboldt. 

The volcano of Orlzaha.^^ 17,783 feet, according to Ferrer. 

Bouguer and La Condatniiie, in the inscription at Quito, give 
16,777 feet for Tunguriihua bcfoie the great eruption of 1772, and the- 
cai-thquakc of Hiobauiba (1797), which gave rise to great depressions of 
mountains. In the yenr 1802 I found the summit of tlic volcano trigo¬ 
nometrically to bo only 16,494 feet. 

The barometrical ineasurcmeut of the highest peak of the Volcan' 
do Puracd by Francisco Jusc Caldas, Avho, like my dear friend and 
travelling companion, Carlos Moritufar, fell a sacrifice to his love for 
the independenco and fieedom of his country, is given by Acosta 
{Viajes Oicntijicos, p. 70) at 51^4 metres (17,010 feet), I found the 
height of the small crater, which emits sulphureous vapours with a. 
violent noise (Azufral tlcl Botpieron) t\» be 14,427 feet; Humboldt, 
Pectceil eVObserv. Astronomiques tt d'Operations Trigonometriques^ voL i, 
p.304. 

^ The Sangay is extremely remarkable from its uninterrupted activity 
and its position, being removed somewhat to the eastward from tho. 
eastern Cordillera of Quito, to the south of the Rio Pastaza, and at a> 
distance of 120 miles from the nearest coast of the Pacific,—a position' 
which (like that of the volcanoes of the Celestial mountains in Asia)' 
by no means supports the theoiy according to which the eastern Cor¬ 
dilleras of Chili are free from volcanic eruptions on account of their 
distance from the sea. The talented Darwin has nob omitted referring^ 
in detail to this old and widely diffused volcanic littoral theory in the 
Geological Observations on South America, 1846, p. 185. 

I measured Popocatepetl, which is jiIso called the Volcan 
Grande de Mexico, in the plain of Tetimba, near the Indian village San 
Nicolas de los Ranchos. It seems to me to be still xmeertain which of 
the two volcanoes, Popocatepetl or the peak of Orizaba, is the highest 
(see Humboldt, Beceuil d'Ohserv, Astron., voL ii, p. 643). 

‘‘2 The peak of Orizaba, clothed with perpetual snow, the geogra¬ 
phical position of which was quite erroneously indicated on all maps; 
before my journey, notwithstanding the importance of this point for 
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Mias Mount^^ (on the west coast of North America): 17,855 feet, 
according to the measiiremeuts of Quadra and Galeano. 

The volcano of ToUma:^^ 18,143 feet, accox‘ding to a trigonometrical 
measurement by Humboldt, 

The volcano of A 18,883 feet, according to a trigonome* 

trical measurement by Dolley. 

navigation near the landing-place in Vera Cruz, was first measured 
trigonometrically from the Eiiccro by Ferrer, in 179G. The measure- 
inent gave 17,879 feet. I attempted a similar operation in a small 
plain near Xalapa, I found only 17,375 feet, but the angles of eleva¬ 
tion were very small, and the base-line difficult to level. See lit /nboldt, 
Msai Politique sur la Nouv. Espagne, lime cd, t. i, 1825, i>. 1G6 ; Atlas 
da Mexiqiie (Carte dcs fausacs positions), pi. x, and Kleiiicrc SchriftcUy 
Bd. i, s. 468. 

^ Humboldt, Esml sur la Gcogmphie dcs Pkmtcs, 1807, p. 153. The 
elevation is uncertain, i^erliaps more than -j^Ah too high. 

I measured the truncated cone of the volcano of Tolima, sitnntcd 
the northeiji extremity of the I’aramo de Quiudiu, in the Yallo ..j 1 
Carvajal, near the little town of Tbaguc, in the year 1S02. The moun¬ 
tain is also seen at a great distance uptm tlio jdatcau of Bogota. At 
this distance Cal das obtained a tolerably approximate result (18,430 
feet) by a somewhat coni])licated comhinatiou in the year 1806 ; 
nario de la Nueva Granaday nueva edlcion, aumentada j>or J. Acosta, 
1849, p. 349. 

The absolute altitude of the volcano of Arequipa lias been so 
variously stated that it becomes difiieult to distinguish between mcro 
estimates and actual me.'i'^urcTnents. Ur. Thaddaus ILiiike, t»f Prague, 
the 'diatiriguished botanist of Maliis])iiia’a voyage roun<l iho world, 
ascended the volcano of Arequipa in the year 1796, and found at the 
summit a cross which had been ei’ccted there 12 years before. By .1 
trigonometrical operation Hanke found the volcano to be 3180 toises 
(20,235 feet) above the sea. This altitude, which i.s fifr toc^great, was 
probably the result of an erroneous assumption of the elevation of the 
town of Arequipa, in the vicinity of which the operation was performed. 
Had Hanke been provided with a barometer, a bobinist entirely unprac¬ 
tised in trigonometrical measuremonts, would certainly not have resorted 
to such means after ascending to the summit. The first who ascended 
the volcano after Hanke was Samuel Curzon, from the United States 
of North America {Boston Philosophical Journal, 1823, Novcmhrr, 
p, 168). In the year 1830 Peiitland estimated the altitude at 5600 
metres (18,374 feet), and I Have adopted tliis number {Annuaire du 
Bwreau des Lvugitades, 1830, p. 325) for my Varle Uypsometrique de la 
CordllUre des Andes, There is a satisfactory agreement (within 

•Jfih) between tliis and the trigonometrical measurement of a French 
naval officer, M, Dolley, for which I was indebted in 1826 to the kind 
communication of Captain Alphonse de Mogea in Paris. Dolley found 
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The volcano Coto'paxi:^ 18,831 feet, according to Bouguer. 

The volcano Sahama^^ (Bolivia); 22,354 feet, according to Pentland. 

Tlic volcano with which the fifth group ends is more than 


the dummit of the volcano of Arequii)a (trigonometrically) to be 
11,031 feet, and the summit of Charcani 11,800 feet above the plateau 
hi which the town of Arequi^ja is situated. If now we fix the town of 
A v^Hjuipa at 7841 feet, in accordance with the barometrical measurements 
cf IVutland and Bivero (Pentland, 7852 foot in the Table of Altitudes 
to the Plajsiml (koffmphy oi Mrs, Somerville, 3rd ed. vol. ii, p. 454; 
b^ivero, in the McmovKil dc CicRcias Natiiraicny t. ii, Lima, 1828, p. (>5 ; 
‘^leycu, Reinc unt die Brtfc, Tbcil. ii, 1835, s. 5), Dolley’s trigonometrical 
>pciMti()U will give for the volcano of Arequipa 18,881 feet (2952 toises). 
Mid for the volcano Charcani^. 19,702 foot (30S2 toises). But Pentland's 
1 *10 of Altitudes, above cited, gives for the volcano of Areijuipa 

20,320 Ihighsh feet, (1190 metros (19,065 Paris feet), that is to say, 
1945 feet more than the determination of 1830, and somewhat too iden- 

with Ilaiike’s trigonoinctrical measurement in the year 1796 ! In 
)pposltif>n to this riisult the volcano is stated, in the Analcs de la Uni^ 
vu\dd(fdde Chtlcy 1852, ]>. 221, only at 5600 metres or 18,378 feet: con- 
Hcqiicntly 590 metres lower! A sad condition of hypsonictry! 

■‘f’ Bmissingault, accinnpanied by the talented Colonel Hall, has nearly 
reached the summit of Cotopaxi. Ho attained, according to barome¬ 
trical measurement, to an altitude of 5746 metres or 18,855 feet. There 
was only a small space lu'twecii him and the margin of the crater, bub 
lh(! great lott.sciiess of the snow prcA^entcd hia ascending further. Per¬ 
haps Bouguer s statement of altitude is rather too soicall, as his conipli- 
cateil trigonometrical calculation depends upon the hypothesis as to the 
elevation of the city of Quito. 

The Sahama, which Pentland {Annuaire dit BurcaUf de^ Longi- 
tadeSy 1830, p. 321) distinctly calls an active volcano, is situated, 
according to his new map of the Vale of Titicaca (1818), to the east¬ 
ward of Aric.i iu the western Cordillera. It is 928 feet higher than 
Chimborazo, and the relative height of the low.cst Japanese volcano 
CosiiiKi to the Sahama is as 1 to 30. I have hesitated lu placing the 
Chilian Aconcagua, which, stated l>y Pitzroy in 1835 at 23,204 feet, 
is, according to Pcntlaml’s correction, *23,911 feet, and according 
to the most recent measurement (1845) of Captain Kellet of the 
frigate Herald, 23,004 feet, in the fifth group, because from tho 


coubradictoiy opinions of Miors (Voyage to Cliiliy vol. i, p. 283) and 
Charles Darwin {Journal of Roicarrhes into the Geology and Natural 
Uiatory of the Variom Countries \jidLcd by the Beagle, 2ud ed. p. 291)^ 
it remains doubtful whether this colossal moimtain is a still ignited 
volcano. Mrs. Sohierville, Pentland, and Gilliss {Naval Astr. Eoeped* 
vol. i, p, 126), ;ilso deny its activity, Darwin says :—“ I was surprise 
at hearing that the Aconcagua was in action tho same night (15th 
January, 1835), bccauso this mountain most rarely shows any sign of 
action.*' 
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twice as higli as Etna, and five times and a half as high as 
Vesuvius. The scale of volcanoes that I have suggested, start¬ 
ing from the lowly Maars (mine-craters without a raised 
framework, wliich have cast forth olivine bombs surrounded 
by half-fused fragments of slate) and ascending to the still 
burning Bahama 22,354 feet in height, has sh^own us that 
there is no necessary connexion between the maximum of 
elevation, tl^e smaller amount of the volcanic activity and 
the nature of the visible siiecies of rock. Observations con¬ 
fined to single countries may readily lead us to erroneous 
conclusions. Por example, in the j)ait of Mexico which 
lies in the toiTid zone, all the snow-covered mountains, 
that is to say the culminating jioints of the whole country, 
are certainly volcanoes; and this is also usually the case 
in the Cordilleras of Quito, if the dome-shaped trachytic 
mountains, not opened at the summit (Chimborazo and 
Corazon), are to be associated with volcanoes; on the other 
hand, in the eastern chain of the Bolivian Andes, the 
highest mountains are entirely non-volcanic. The Nevados 
of Sorata (21,292 feet), and llUraaiii (21,153 feet) consist of 
grauwacko schist.s, which are penetrated by porphyritic 
masse.s,^® in which (as a proof of this j^enotration), fragments 
of schist are enclosed. In the eastern Cordillera of Quito, 
south of the parallel of I'" 35' the high summits (Condorasto, 
Cuvillan, and tlie Collanes) lying opposite to the trachytes, 
and also entering tire region of perpetual snow, are also 
mica-slate and firestone. According to our present know¬ 
ledge of the mineralogical nature of the mosf elevated parts 

^8 These penetrating porphyritic in.a.sses show themselves in peculiar 
vastnesa, near the Illimani, in Cenipampa (15,949 feet) and Totora- 
pampa (13,709 feet); and a quartzose porphyry containing mica, and 
enclo.sing garnets and at the same time angular fragments of silicioua 
Bchiat forms the superior dome of the celebrated argentiferous Cerro de 
Potosi (Pentland in MSS. of 1S32). The Illimani, which Pentland 
estimated first at 7315 (23,973 feet), and afterwardsat 6445 (21,139 feet) 
metres, has also been, since 1847, the object of a careful measurement “ 
by the engineer Pissis, who, on the occasion of his great trigonometrical 
survey of the Llanura de Bolivia, found the Illimani to be on the ave- 
irage 6509 metres (21,349 feet) in height, by three triangles between 
Calamarca and La Paz ; this only differs about 64 metres (210 feet) from 
PentLand’s last determination. Sec Inveatiffaciones f^ohre la AUitud de 
loa Andes, in the Arialea de Chile, 1852, p. 217 and 221. 
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of the Himalaya, -which we owe to the meritorious labours 
of B. H. Hodgson, Jaequemont, Joseph Dalton Hooker, 
Thomson, and Henry Strachey, the primary rocks, as they 
were formerly called, granite, gneiss and inica-alate, appear to 
be visible Imre also, although there are no tracliytic formations. 
In Bolivia, Pentland has found fossil shells in the Silurian 
schists on the Nevado de Antacau.a, 17,482 feet above the 
sea, between La Paz and Potosi. The enormous height to 
which from the testimony of the fossils collected by Abich 
from Daghestan, and by myself from the Peruvian Cordil¬ 
leras (between Cuambos and Mon tan), the chalk formation 
is elevated, reminds us very vividly that non-volcanic sedi¬ 
mentary strata, full of organic remains, and not to be con¬ 
founded with volcanic tufaceous strata, show themselves in 
places whei e for a long distance around, mel.aphyves,trachytes, 
dolerites, and other pyroxenic rocks, which we regard as the 
seat of the upheaving, urging forces, remain conce:iled in the 
depths. In what immeasurable tr.icts of the Cordilleras and 
the districts bordci’ing them upon the east, is no trace of 
any granitic formation visible! 

The frequency of the orujjtions of a volcano, appearing 
to depend, as I have already repeatedly observed, ujion mul¬ 
tifarious and very complicated causes, no general law can 
safely be established with regard to the relation of the abso¬ 
lute elevation to the frequency and degree of the renewal of 
combustion. If in a small gi’oup the comparison of Strom- 
boli, Vesuvius, and Etna, m.iy mislead us into the belief 
that the numjjer of cruj)tions is in an inverse ratio to the 
elevation of the volcanoes, other facts stand in direct con¬ 
tradiction to this proposition. Sartorius von Waltcrshausen, 
who has done such good service to our knowledge of Etna, 
remarks that on the average furnished by the last few centu¬ 
ries, an eruption of this volcano is to be exjiected every six 
years, whilst in Iceland, where no part of the islaitd is really 
secure from destruction by submarme fire, the eruptions of 
Hecla, which is 575G feet lower, are only observed every 70 
or 80 years." The group of volcanoes of Quito presents a 
still more remarkable contrast. The volcano of Bangay, 
17,000 feet in height, is far more active than the little conical 
mountain Stromboli (2958 feet) ; it is of all known volca- 

■" Sartorius von Waltersliausen, Skizze von Island, a. 103 and 107. 
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noesthe one which exhibits, every quarter of au hour, the 
greatest quantity of fiery, widely-luminous eruptions of 
scorise. Instead of losing ourselves in hypotheses upon 
the causal relations of inaccessible phenomena, we will rather 
dwell here upon the consideration of six points of the sui’face 
of the earth, which are j)eculiarly important and instructive 
in the history of volcanic activity,— Stromholi^ the Lycian 
Cliimceraj the old volcano of Masaya^ the very recent one 
of IzalcOj the volcano Fogo on the Cape Verd Islands, and 
the colossal Sangay. 

The Ghimeora in Lycia, and StromloUj the ancient Stron- 
gyle, ai'e the two igneous manifestations of volcanic activity, 
the historic proof of whose pei'inaiience extends the furthest 
back. The conical hill of Stromboli, a doleritic rock, iij 
twice the height of the island of Volcano (Hiera, Thermessa), 
the last great eruption of which occurred in the year 1775. 
The unintcrniptud activity of Stromboli is coinjjared by 
Strabo and Pliny with tliat of the island of Li pari, the 
ancient Meliguiiis ; but they ascribe to “ its flame,” that is, 
its erupted scoriae, “ a greater purity and luminosity, with 
less heat.” The number and form of the small fiery 
chasms are very variable. Spallanzani’s description of the 
bottom of the crater, which was long regarded as exaggerated 
has been completely confirmed by an experienced geog- 
nosist, Fricdx'ich Hoffmann, and also very recently, by an 
acute naturalist, A. de Quatrefages. One of the incandes¬ 
cent chasms has au opening of only 20 feet in diameter; it 
resembles the pit of a blast furnace, and the ascent and 
overflow of the fluid lava, arc seen in it every hoiTr, from a 
position on the margin of the crater. The ancient, perma¬ 
nent eruptions of Strombol i still sometimes serve for the 
guidance of the mariner, and, as amongst th6 Greeks and 
Romans, afford uncertain piedictions of the weather, by ‘ 
tlie observation of the direction of the flame and of the ascend- 

Strabo, lib. vi, p. 276, ed. Casaubon; Pliny, HiaL NaU iii, 9:—^ 
*'Strongyle, qujc a Lipai'a liquidiore flamma tantum differt; e cujni 
fumo quinam flatiiri siut venti, in triduo prccdicere incolte traduntur.'' 
See also Urlichs, Vindicice Pliniana^^ 1853, Fasc, i, p. 39. The volcano 
of Lipara (in the north-eastern part of the island), once so active, 
appears to me to have been either the Monte Campo Bianco, or the 
Monte di Capo Ctistagno. (See Hoffmann, in Poggend. AnnaleUf Bd.xxvi, 

8 . 49—64.) 
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ing column of vapour. PolybitR, who displays a singularly 
exact knowledge of the state of the crater, connects the 
multifarious signs of an approaching change of wind, with 
the myth of the earliest sojourn of -^olus u])on Strongyh^, 
and still more with observations upon the then violent fire 
upon Volcano (the “ holy island of Hephajstos”) The fre¬ 
quency of the igneous phenomena has of late exhibited some 
irregularity. The activity of Stroinboli, like that of Etn:i, 
according to Sai'torius von Waltorshausen, is greatest in 
November and the winter months. It is sometimes inter¬ 
rupted by isolated intervals of rest; but these, as we learn 
from the experience of centuries, are of very short dura¬ 
tion. 

The Chimmra in Lycia, which has been so admirably 
described by Admiral Beaufort, and to which I have twic<3 
referred,®^ is no volcano, but a perpetual burning spring—a 

** ComnoBj vol. i, p 220, and vol. v, p. 212. Albert Berg, wbo had 
previously published an artistic work, Pfnjsintjiiomie der Tropiscken 
Vegetation von Sudamevika^ visited the Lyciaii Chimsera, near Delik- 
tasch and Yaiiarta-soh, from Rhodes and the Gulf of Myra in 1853. 
(The Turkish word tdsrh signifies Uone, as ddgk and tdgh, signify moun^ 
tain; deliktasch signifies perforated stone, from the delik, a 

hole.) The traveller first saw the serpentine rocks near Adrasan, whilst 
Beaufoi't met with the dark coloured serpentine deposited upon lime¬ 
stone, and perhaps deposited in it, even near the island Garabusa (not 
Qrambusa), to the south of Cape Chelidouia. “ Near the ruins of the 
ancient temple of Vulcan rise the remains of a Christian church in the 
later Byzantine style : the remains of the n.ave and of two side chapels. 
In a fore-couii;, situated to the east, the flame breaks out of a fire-place- 
like opening aboijt 2 feet broad and 1 foot high in the serpentine rock. 
It rises to a height of 3 or 4 feet and (as a naphtha fe[)ring?) diffuses a 
pleasant odour, wJiich is perceptible to a distance of 40 paces. Near 
this large flame, and without the chiumey-like opening, numerous very 
small, constantly ignited, lambent flames make their aiipeai’ance from 
subordinate fissures. The rock which is in contact with the llairie is 
much blackened, and the soot deposited is collected to alleviate 
smarting of the eye-lids and especially for colouring the eye-brows. 
At Sk distance of three paces from the flame of the Chimeeva the heat 
which it diffuses is scarcely endurable. A piece of dry wood ignites 
when it is held in the opening and bmught near the flame without 
touching it. Wliere the old ruined walls lean against the rock, gas also 
pours forth from the interstices of the stones of the masonry, and this, 
probably from its being of a lower temperature or differently composed 
does not ignite spontaneously, but whenever it is brought in contact 
with a light. Eight feet below the great flame in the intci'ior of the 
rains there is a v*uiad openiug, 6 feet in depth, but only 3 foot wide, 

VOIi. V. 
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gas spring always ignited l(y the volcanic activity of tho 
interior of the earth. It was visited a few months ago bv 
a talented artist, Albert Berg, for the purpose of making a 
picturesque survey of this locality, celebrated'even in period-i 
of high antiquity (since the times of Ctesias and Scylax of 
Caryanda), and of collecting the rocks from which the 
Chimsera breaks forth. The descriptions of Beaufoii;, Pro¬ 
fessor Edward Forbes, and Lieutenant Travels 

in Lycia” are completely confirmed. An eruptive mass of 
serpentine rock penetrates the dense limestone in a ravine, 
which ascends from south-east to north-west. At the north¬ 
western extremity of this ravine, tlie serpentine rook is cut 
off, or perhaps only concealed, by a curved ridge of limestone 
rocks. The fragments brought home arc ])artly green and 
fresh, partly brown and in a weathered state. In both 
serpentines diallage is clearly recognisable. 

The volcano of Masaya^’^ tlie fame of which was already 
widely spread in the beginning of the 16th century, under 
the mime oi cl Tafierno de Masaya, and gave occasion for 
reports to the Emperor Charles V'., is situated between the 
two lakes of^icaragiia and Managua, to the south-west of 
the charming Indian village of Nindiri. For centuries to¬ 
gether it presented the same rare phenomenon tliat we have 

which was probably arched ovtT formerly, as a spring of water breaks 
out. in it in the wet seasons, near a fissure over which a small flamo 
plays.” (From the traveller’s manuscripts.) On a plan of the locality, 
Berg shows the geographical relations of tho alluvial strata, of the 
(tertiary?) limestone, and of the serpentine Tocks. 

The oldest and most important notice of the Volcano of Masaya 
is contained in a manuscript of Oviedo’s, first edited foiirt^n years ago 
by the meritorious historical compiler, Ternaux-(]!ompan8,—rfc 
Nicaragua (cap. v to x), see pp. 115—197. The French translation 
forms one voinm© of the Voyages^ ReLaliouH c/ Memmres Oviginwacc pow 
servir d FHistoire et d la Decoiiverte de I*Arnertque, See also Lopez de 
Qomara, Historia General de las Indias (Zaragoza, 1553), fol. cx, b; and 
amongst the most recent works, Stpiicr. Nicaragua, its Peojgle, Scenery^ 
and Mi^numenfs, 1853, vol. i, p. 211—223, and vol, ii, p, 17. So widely 
famed was the incessantly active volcano of Masaya, that a special 
monograph of this mountain .exists in the royal library at Madrid, 
under the title of Eutrada y Eesculyrimiento del Vaican de Masayat 
qu€ estd en la Prov. de Nicaragua, fecka j>or Juan Sancfiez dA 
Portero, The author was one of those who let themselves down into 
the crater in the wonderful expeditions of the Dpiuinican monk, Fiay 
Bias de Inesta (Oviedo, Hist, de Nicaragua, p. 141). 
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described in the volcano of Stromboli. From the margin of 
the crater, the waves of fluid lava, set in motion by vapours, 
were seen rising and falling in the incandescent chasm. The 
Spanish historian, Gonzalez Fernando de Oviedo, first 
ascended the Masaya in July 1529, and made comparisons 
with Vesuvius, which he had previously visited (1501), in 
the suite of the Queen of ITaplei as her xefe de guardaropa. 
The name Masaga^ belongs to the Chorotega language 
of Nicaragua, and signifies burning mountain. The volcano, 
surrounded by a wide lava-field {maUpm/s)^ which it has 
probably itself produced, was at that time reckoned amongst 
the mountain group of the “nine burning Mai'ibios.” In its 
ordinary condition, says Oviedo, the surface of the lava, 
upon which black scoriie float, stands several hundred feet 
below the margin of the crater ; but sometimes the ebullition 
is suddenly so great, that the lava nearly reaches the upper 
margin. Tlie perpetual luminous phenomimon, as Oviedo 
definitely and acutely states, is not caused by an actual 
flame,*® but by Vapours illuminated from below. It is said to 
have been of such intensity that on the road from the volcano 
towai‘ds Granada, at a distance of more than three leagues, 
the illumination of the district was almost equal to that of 
the full moon. 

Eight years after Oviedo, the volcano was ascended by 
the Dominican monk. Fray Bias del Castillo, who enter- 

In the French translation of Temanx-Compans (the Spanish 
original has never been published), we find at pp. 123 and 132 :—‘‘It 
cannot, however, be said precisely that a ft.ime issues from the crater, 
but a smoke as hot as fire ; it is not seen from far during the day, bub 
is well seen at night. The volcano gives as much light as the moon a 
few days before it is at the full.” This old obseiwation upon the pro¬ 
blematical mode of illumination of a crater, and the strata of air lying 
above it, is not without importance, on account of the doubt, so often 
raised in recent times, as to the disengagement of hydrogen gas from ' 
the craters of volcanoe.s. Although in the ordinary condition here indi¬ 
cated the Hell of Masaya did not throw out scoriaj or ashes (Qomara 
adds, cosa qtit hazen otros volcanes)^ it has nevertheless sometimes had 
true eruptions of lava; the last of which probably occurred in the year 
1670. Since that date the volcano baa been quite extinct, after a 
perpetual luminosity bad been observed for 140 years, Stephens, who 
ascended it in 1840, found no perceptible trace of ignition. Upon the 
Chorotega language, the signification of the word Masaya, and the Mari- 
bioB, see Buachmann’s ingenious ethnographical researches, Ud}er die 
Azt^iseken Ortanamen, a. 130, 140, and 171. 
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tained the absurd opinion that the fluid lava in the crater 
was liquid gold, and associated himself with an equally avari' 
cious Flenaish Franciscan, Fray Juan de Gandavo. The 
pair availing themselves of the credulity of the Spanish 
settlers, established a joint-stock company to obtain the 
metal at the common cost. They themselves, Oviedo adds 
satirically, declarefl that as ecclesiastics they were free 
from any pecuniary contributions. The report, upon the 
execution of this bold undertaking, which was sent to the 
Bishop of Castilla del Oro, Thomas de Verlenga, by Fray 
Bias del Castillo (the same j)ersou who is denominated Fray 
Bias de Inesta in the writings of Gomara, Benzoni, and 
Herrera), was only made known (in 1840) by the discovery 
of Oviedo’s work upon Nicaragua. Fray Bias, who bad pre¬ 
viously served on board ship as a sailor, proposed to imitate 
.the method of hanging upon ropes over the sea, by which 
the natives of the Canary Islands collect the colouring mat¬ 
ter of the Orchil {Lichen Boccdla)^ on precipitous rocks. 
For months together all sorts of preparations were made, in 
order to let down a beam of more than 30 feet in length, by 
means of a windlass and crane, so that it might project over 
the deep abyss. The Dominican, his head Covered with an 
iron helmet and a crucifix in his hand, was let down with 
three other mornbervS of the association ; they remained for 
a whole night in tliis part of the solid crater bottom, from 
which they made vain attempts to dip out the supposed 
liquid gold with eai-then vessels, placed in an iron pot. 
Npt to frighten the shareholders they agreed** that, 

6-* “The three companions agreed to say that they had’found great 
riches; and Fray Bias, whom 1 had known aa an ambitious man, gives, 
in his relation, the oath which he and his associates took upon the 
Gospel, to persist for ever in their opinion that the volcano contained 
gold and silver in a state of fusion!” Oviedo, De&cr. de Nicaragua^ cap. x, 
pp. 186 and 196). The Crouista de las Indias is, however, very indig¬ 
nant (cap. 5) that Fray Bias narrated that “ Oviedo had begged the Hell 
of Masaja from the Emperor as his armorial bearings.” Such a geog¬ 
nostic memento would certainly not have been in opposition to the 
heraldic customs of the period, for the courageous Diego de Ordaz, who 
boasted of having reiiched the crater of the Popocatepetl when Cortez 
first penetrated into the valley of Mexico, bore this volcano as an 
heraldic distinction, as did Oviedo tlie constellation of the Southern 
Cross, and earliest of all Columbus {iiram. crit. t. iv, pp 235—240), a 
fragment of a map of the Antilles, 
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when they were drawn up again they should say that they 
had found great riches, and that the Infietno of Masaya, 
deserved in future to be called el Pqraiso del Masaya. The 
operation was afterwards repeated several times, until the 
Governor of the neighbouring city of Granada, conceived 
some suspicion of the deceit, or perhaps of a fraud upon the 
revenue, and forbad any further descents on ropes into the 
crater.” This took place in the summer of 1538; but in 
1551 Juan Alvarez, the Dean of the Chapter of Leon, again 
received from Madrid the naive })ermission “to open tlic 
volcano, and procure the gold that it contained.” Such was 
the popular credulity of the sixteenth century! But even in 
Naples in the year 1822, Monticclli and Covelli were obliged 
to prove by chemical analysis, that the ashes thrown out 
from Vesuvius onthe 28th October contained no gold ! 

The volcano of Izalco, situated on the west coast of Cen¬ 
tral America, 32 miles northwards from San Salvador, and 
eastward from the harbour of Sonsonate, broke out 11 years* 
after the volcano of Jorullo, deep in the interior of Mexico. 
Both eruptions took place in a cultivated plain, and after 
the prevalence of earthquakes and subterranean noises 
{bramidon) for several months. A conical hill rose in the 
Llano de IzalcOy and with it simultaneously an eruption of 
lava poured from its summit on the 23rd February, 1770. It 
still remains undecided, how much is to be attributed, in the 
rapidly increasing height, to the upheaval of the soil, and 
how much to the accumulation of erupted scoriae, ashes and 
tufa-masses; o^nly this much is certain, that since the first erup¬ 
tion, the new volcano, instead of soon becoming extinguished 
like Jorullo, has remained imintemiptedly active, and often 
serves as a beacon liglit for mariners near the landing place 
in the Bay of Acajutla. Four fiery eruptions are counted 
in an hour, and the great regularity of the phenomenon has 
astonished its few accurate observers.®® The violence of the 
eruptions was variable, but not the time of their occurrence. 
The elevation which the volcano of Izalco has irow attained 
since the last eruption of 1825, is calculated at about 1600 
feet, nearly the same as the elevation of Jorullo above the 

“ Humboldt, Views of Nature^ji, 368. 

Squier, Nicaragua^ its People and Monuments, vol. ii, p. 104. (John 
Bailey, Ceniral Amenca, 1850, p, 75). , 
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original cultivated plain; but almost four times that of 
the crater of elevation (Monte Nuovo) in the Phlegrsean 
Fields, to which Scacchi ” ascribes a height of 432 feec 
from accurate measurement. The permanent activity of 
the volcano of Izalco, which was long considered as a 
safety-valve for the neighbourhood of San Salvador, did 
not however preserve the town from complete destruction 
on Easter eve in this year (1854). 

One of "the Cape Verd Islands, which rises between S. Jago 
and Brava, early received from the Portuguese the name of 
llha do Fugo, because, like Stroinboli, it produced fire uninter¬ 
ruptedly from 1680 to 1713. After a long repose, the vol¬ 
cano of this island resumed its activity in the summer of 
the year 1798, soon after the last lateral eruption of the 
Peak of Tencrifle in the crater of Chahorra, which is errone¬ 
ously denominated the volcano of Chahorra as if it were a 
distinct mountain. 

The most active of the South American volcanoes, and 
indeed of all those which I have here specially indicated, is 
the Sangay, which is also called the Volcan de Macas, because 
the remains of this ancient city, so populous in the early 
period of the Conquista, are situated upon the Rio Upano, 
only 28 geog. miles to the south of it. The colossal mountain, 
17,128 feet in height, has risen on the eastern declivity of 
the eastern Cordillera, between two systems of tributaries of 
the' Amazons, those of the Pastaza and the Upano. The 
grand and unequalled fiery phenomenon Avhich it now ex¬ 
hibits, appears only to have commenced in t^ie year 1728. 
During the astronomical measurements of degreqg by Bou- 
guer and La Condamine, (1738 to 1740), the Sangay served 
as a perpetual fire signal.®* In the year 1802, I myself 
lieard its thunder for months together, especially in the 
early morning, in Chillo, the pleasant country seat of the 
Marquis de Selvalegre near Quito, as half a century pre¬ 
viously, Don Jorge Juan had perceived the ronquidos del 

*7 Memorie geologiche aulla Campania, 1849, p. 61. I found the 
height of the volcano of Jorullo to be 1682 feet above the plain in 
which it rose, and 4266 feet above the sea-level. 

La Condamine, Journal du Voyage d VEguatewr, p. 163; and in 
the Mesure de Troia Deyrei.dc la M^ridwiue de VIlemisphdre Auttral, 
p. 66. 
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Sangay^ somwliat further towards the north-east, near 
Pintac, at the foot of the Antisaim.®® In the years 1842 
and 1843, when the ei'uptions were associated with most 
noise, the latter was heard most distinctly not only in the 
harbour of Guayaquil, but also further to the south along 
the coast of the Pacific Ocean, as far as Payta and San 

In the country house of the Alarquis of Selvnlegre, the father of niy 
unfortunate coin|)anion and friend, Don Carlos Montnfar, one was often 
inclined to ascribe the hramidon^ which resembled the discharge of a 
distant battery of heavy artillery, and which wdili tlie same wind, the 
same clearness of the atmosphere and the saine temperature, were so 
extremely unequal in their intensity, not to the Sangay, but to the Guaca- 
mayo, a mountain forty miles nearer, at the focit of which a load leads 
from Quito, over the Hacienda tic Autisana to tho plains of Archidona 
and the Rio Napo, (8ee my special map of the province Quixos, 
No. 23 of my Atlas ytofjr. H phys. dt XAmeriqiie^ 1814—1834). Don 
Jorge Juan, who heard the Saiigay thundering when closer to it than I 
have been, says decidedly that the hramldos, which he calls romimdos 
del Volcan (Rdadoifi del Viuye d la Amei'ica Metddimialy pt. i, t. 2, 
p. 569), and perceived in Pintac, a few miles from the Hacienda do 
Cliillo, belong to the S-angay or Volcan de Macas, who.se voicey if I may 
make use of the ex[)roBsion, ia very characteristic. This voice appeared 
to the Spanish astronomer to be peculiarly harsh, for which reason he 
calls it a snore (icn ronqiiido) r.ithcr than a roar {f)ra7iildo). The very 
disagreeable noise of -the volcano Pichiucha, which 1 have frequently 
beard at night in the city of Quito, without its being followed by any 
earthquake, has something of a clear rattling sound as tliough chains were 
rattled, and masses of glass were falling upon each other. On the Sangay, 
Wisae describes the noise to be, sometimes like rolling thunder, some* 
times distinct and sharp, as if one were in the vicinity of platoon firing. 
Payta and San Buenaventura (in the Choco) where the bramidos of the 
Sangay, that is to aay, its roaring, were heard, are distiint from the 
summit of the volcano in a south-w^estern direction, 252 and 348 geog. 
miles. (See Cftrfe de la p7*ov. Da Choco, and Ca7'te hypsoniet7*}qV‘e des Cor- 
dilldres, Nos. 23 and 3 of my Atlas Geoyr. ei Physique). Thus, in this 
mighty spectacle of nature, reckoning in tho Tungurahua and the Coto¬ 
paxi, which is nearer to Quito, and the roar cf w'hich I heard in 
February, 1803, in the Pacific Ocean (Klemei'e Schrift€7iy Ld. i, s. 384), 
the voices of four volcanoes are perceived at adjacent points. The 
ancieuta also mention “ the difference of the noise,” emitted at different 
times on the ^olian Islands by the same fiery chasm (Straho, lib. vi, 
p. 276). During the great eruption (23rd January, 1835) of the 
volcano of Conseguina, which is situated on the coast of the Pacific, at 
the entrance of the Bay of Fonseca, in Central America, the subterranean 
propagation of the Bound was so great, that it was most distinctly per¬ 
ceived on the plateau of Bogotd, at a distance equal to that from Etna 
to Hamburgh (Acosta, Viajts CicntificosdeM.BoussingaultdlosAndes, 

184D,h. 56). 
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Buenaventura, at a distance equal to that of Berlin from 
Basle, the Pyrenees from Pontulnebleau, or London from 
Aberdeen. Although, since the commencement of the pre¬ 
sent century, the volcanoes of Mexico, New Granada, Quito, 
Bolivia, and Chili have been visited by some geognosists, the 
S ingay, which exceeds the Tungurahua in elevation, has un¬ 
fortunately remained entirely neglected, in consequence of 
its solitary position, at a distance from all roads of commu¬ 
nication.* it was only in December 1849 that an adventurous 
and higlily informed traveller, Sebastian Wisse, after a sojourn 
of five years on the chain of the Andes, ascended it, and 
nearly readied the extreme summit of the snow-covered, pre¬ 
cipitous cone. lie not only made an accurate chronomefcric 
determination of the wonderful freqxiency of the eruptions, 
but also investigated the nature of the trachyte which, con¬ 
fined to such a limited sj^ace, breaks through the gneiss. As 
has already been remarked,®® 2G7 eruptions were counted in 
one hour, each lasting on an average 13".4, and, which is 
very remarkable, un iccompanied by any concussion percep¬ 
tible on the ashy cone. The erupted matter, enveloped in 
much smoke, sometimes of a gray and sometimes of an 
orange colour, is principally a mixture of black ashes and 
rapilli, but it also consists partly of cinders, which rise pei'- 
pcndiculady, are of a globular form and a diameter of 15 or 
16 inches. In one of the more violent eruptions, however, 
Wisse counted only 50 or 60 red hot stones as being simul¬ 
taneously thrown out. They usually fall back again into 
the crater, but sometimes they cover its upper margin, or 
dsible by their luminosity at a distance, glide (lo%^i at night, 
upon a portion of the cone, which, when seen from a great 
way off, ])robably gave origin to the erroneous notion of La 
Condamine, that there was an effusion of burning sulphur 
and bitumen.” The stones rise singly one after the other, so 
that some of them are falling down, whilst others have only 
just left the crater. By an exact determination of time, the 
visible space of falling (calculated therefore to the margin of 
the crater) was ascertained to be on the average only 786 
feet. On Etna, according to the measurements of Sartorius 
von Waltershausen and the astronomer D. Christian Peters, 
the ejected stones at tarn an elevation of as much as 2665 

“ CotmoB, see page 182. 
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feet above tlie waUs of the crater. Gemcllaro’s estmates 
during the eruption of Etna in 1832, gave even three 
times this elevation! The black, erupted ashes form layers 
of three or four hundred feet in thickness upon the decli¬ 
vities of the Sangay for a circle of nearly fourteen miles in 
circumference. The colour of the ashes and rapilli gives the 
upper jJart of the cone a fearfully stem character. We must 
here again call attention to the colossal size of this volcano, 
which is six times greater than that of Stromboli, as this 
consideration is strongly in opposition to the absolute belief 
that the lower volcanoes always have the most frequent 
eruptions. 

The grouping of volcanoes is of more importance than 
their form and elevation, because it relates to the great 
geological phenomenon of ujiheaval upon fissures. These 
groups, whether according to Leopold von Buch, they rise in 
lines, or united around a central volcano, indicate the parts 
of the crust of the earth, where the eruption of the fused 
interior has found the least resistance, in consequence either 
of the reduced thickness of the rocky strata, of their natural 
structure, or of their having been originally fissured. Three 
degrees of latitude are occupied by the space in which the 
volcanic energy is formidal)ly manifested in Etna, in the 
.^olian Islands, in V esuvius, and the parched land (the Phle- 
grman Fields) from Puteoli (Dicsearchia) to Gumaj, and as far 
as the fire-vomiting Epopens on Ischia, the Tyrrhenian island 
of Apes, Ainaria. Such a connexion of analogous phenomena 
could not escape the notice of the Greeks. Strabo says, “The 
whole sea commencing from Cumse as far as Sicily is pene¬ 
trated by fire, and has in its depths certain conduits commu¬ 
nicating with each other and with the continent.*' In such a 

See Strabo, lib. v, p. 248, Casanbon :—eyfe KoiXiac rivdg] and 
lib, vi, p. 276. Upon a double mode of production of islands the 
geographer of Amasia expresses himself (vi, p. 258) with much geolo¬ 
gical acumen. Some islands,” says he (and he names them), are 
fragments of the mainland; others have proceeded from the sea, as still 
happens. For the islands of the high sea (those which lie far out in 
the sea) were probably upheaved from the depths; whilst, on the con¬ 
trary, it is more reasonable to consider those situated at promontories 
and separated by a strait, as torn from the mainland.” The small group 
of the Pithecuso) consists of Ischia, originally called .^^naria, and Procida# 
(Prochyta), The reason why this group was considered to bo an ancient 
habitation of apes, why the Greeks and the Italian Tyrrhenians, couso- 
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(combustible) nature, as all describe it, appear, not only Etna, 
but also the districts around Dicsearchia and Nafdes, and 
around Baioe and Pithecusa;” and from this arose the fable 
that Typhon lay under Sicily, and that, when he turned him¬ 
self, flames and water burst forth, nay soTnet'mes even small 
islands with boilinp; water. “ Frequently between Strongyle 
and Lipara (in this wide district) flames have been seen burst¬ 
ing forth at the surface of the sea, the Are opening itself a 
passage out of the cavities in the depths and pressing upwards - 
with force.” According to Pindar** the body of Typhon is of 

quently Etruscans, gave it such a name (apes were called djot/foi, in the 
Tyrrhenian; Strabo, lib. xiii, p. 626) remains very obscure, and is per¬ 
haps connected with the myth, according to which the old inhabitants 
were transformed into apea Ity Jupiter. The name of the apes, dpiftoi, 
might relate to Arima or Arimer of Homer {Iliad, ii, 783) and Hesiod 
{Theog. V. 301), The words tiv *Apifiot^ of Homer, are contracted into 
one word in some codices, and in this contracted form we find the 
name in the Roman writers (Virgil, AHimd, ix, 716: Ovid, Meta* 
moTjph, xiv, 88). Pliny {Hint. Nat, iii, 5) even says decidedly;— 
^naria, Ilomoro Inarime dicta, Grsccis Pithecusa.” .... 
The Homeric country of the Arimer, Typhon’s resting-place, was 
sought, even in ancient times in Cilicia, Mysia, Tjvdia, in the volcanic 
Pithecusaj, at the crater Puteolanus, and in the Phrygian Phlegraja, 
beneath which Typhon once lay, and even in the Katakokaumeno, 
That apes should have lived within historical times upon Ischia, at such 
a distance from the African coast is the more improbable, because, as 
I have already observed elsewhere, the ancient presence of the apes 
upon the Rock of Gibraltar does not appear to be proved, since Edriai 
(in the 12th century) and other Arabian geographers, who describe the 
Straits of Hercules in such detail, do not mention them. Pliny also 
denies the a]>es of ./Enaria, but derives the name of the Pithecusa) in a 
most improbable manner from ttiOoc, dolium (a figlinis doliorum). 

‘‘ It appears to me,” says Bockh, “ to be tbe main point iifthis inveati- ’ 
gatiou, that Inarima is a name of the PithecusEO produced by learned 
interpretation and fiction, just as Corcyra became Scheria; and that 
.^neaa was probably only connected with the Pithecusco (.^uese ■. 
insulce) by the Romans, who find their progenitors everywhere in 
these regions. Naevius also testifies to their connection with in 

the first book of the Punic War.** 

Find. Pyth, i, 31, See IStraho^ v, pp. 245 and 248, and xiii, p. 627. 
We have already observed {Cosmos, vol. v, p, 208), that Typhon fled . 
from the Caucasus to Lower Italy, as though the myth would 
indicate that the volcanic eruptions in the latter country were of 
less antiquity than those upon the Caucasian Isthmus. The conai- 
^ deration of mythical views in popular belief cannot be separated either 
from the geography or the history of volcanoes. The two often reel*, 
procally illustrate each other. That which was regarded upon the 
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aucli extent that “ Sicily and the sea-girt heights above 
CumcB (called Phlegi'a, or the burnt field,) lie upon the 
shaggy breast ol* the monster,” 

Thus Typhoii (the raging Enceladus) was, in the popular 
fancy of the Greeks, the mythical synibol of the unknown 
cause of volcanic jjhenomeiia lying deep in the interior of 
the earth. By the position and the space wliich he occupied 
were indicated the limitation and the co-operation of parti¬ 
cular volcanic systems. In the fanciful geological picture of 
the interior of the earth, in the groat contemplation of the 

surface of the earth as the mightiest of moving forces (Aristotle, 
MeteoroL ii, 8, 3), the wind, the inclosed was recognised as the 

universal cause of vulcanicity (of fire^vomiting movintaiiis and earth- 
Quakes). Aristotle's contemplation of nature was founded upon the 
mutual action of the external and the internal subterranean air, upon 
a theory of transpiration, upon differences of heat and cold, moisture 
and dryness (Aristotle, Meteor, ii, 8, 1, 25, 31, and ii, 9, 2). The greater 
the mass of the wdiid inclosed subteminean and submarine pas¬ 
sages,” and the more it is obstructed in its natural, essential propei-ty of 
moving far and quickly, the more violent are the eruptions. “ Vis 
fera ventorum, cicciB iiiclusa cavernia” (Ovid, Metamorfjh. xv, 299). 
Between the wimi and the fire there is a. peculiar relation. (T6 Trip 
brav gfird Trvtu/iaroi; y, yiverai icat ; Aristotle, 

MeteoroL^ii, 8, 3. — icat ydp to 7rup olov nrf-vfiaTn^ rtg <pvaig; Theo¬ 
phrastus, i>(i Ign€j § 30, p. 715). The wind {pnvnma) suddenly set 
free from the clouds, sends the consuming and widely luminous 
lightning flash (TTpr/arrip). “ In the Phlegra^\ the Katakekaiuncne of 
Lydia,” says Strabo (lib. xiii, p. 828), ‘‘three chasms, fully forty 
stadia from each other, are still shown, which are called the wind¬ 
bags; above them lie rough hills, which are probably piled up by the 
red-hot masses blown iip.” He had already stated (hb. i, p. 67) “that 
between the Cycla’des (Thera and Therasia) flames of fire burst forth 
from the sea for four days together, so that the whole sea boiled and 
burnt; and an island composed ot calcined masses was gradually raised 
as if by a lever,” All these well described phenomena are ascribed 
to the^ompressed wind, acting like elastic vapours. Ancient physical 
science troubled itself but little about the peculiar essentials of mate¬ 
rial bodies; it was dynamic, and depended on the measure of the moving 
force. We find the opinion that the increasing heat of the ])lanot with 
the depth is the cause of volcauoea and earthquakes, first expressed 
towards the close of the third century by a Christian bishop in Africa 
under Diocletian ((7oswio«, vol. v, p. 196). The Pyriphlegcthon of 
Plato, as a stream of fire circulating in the interior of the earth, 
nourishes all lava-giving volcanoes, as we have already mentioned 
in the text. In the earliest presentiments of humanity, in a nan'ow 
circle of ideas, lie the germs of that which we now' think we may 
explain under the form of other symbols. 
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universe which Plato establishes in the Phoedo (p. 112 — 
114) this co-operation is still more boldly extended to all 
volcanic systems. The lava-streams derive their materials 
from the Pyriphlogcthon, which after it has re])eatedly 
rolled around beneath the earth,” pours itself into Tartarus. 
Plato says expressly that the fire-vomiting mountains, wher- 
i'vcr suchocdur upon the earth, blow upwards small portions 
Ironi the Pyriplilcgcthon (“ oJto'? ov cTrovofxa^ovai 

V\vpt<l>\£'^l^0ov7ay ov Kal ol pvriK^^ d’TTOtrTrafTp.ma ava(f)va{batVy 

oTrrj at/ t^v 7r/v”). This expression (p. 113 B.) of the 

<ixpulsiou with violence refers to a certain extent to the 
moving force of the previously enclosed wind, then suddenly 
breaking through, upon which tlic Stagirite afterwards, in 
the Meteorology, founded his entire theory of vulcanicity. 

According to these ancient views the linear arrangement of 
volcanoes is more distinctly characterized in the consideration 
of the entire body of the earth, than their grouping around a 
central volcano. The serial arrangement is most remarkable in 
those places where it depends upon the situation and exten¬ 
sion of fissures, which, usually parallel to each other, pass 
through gieat tracts of country in a linear direction (like 
Cordilleras). Thus, to mention only the most important 
series of closely approximated volcanoes, we find in the 
new continent those of Central America, with their appen¬ 
dages in Mexico; those of New Granada and Q,uito^ ol Peru, 
Bolivia^ and Chili; in the old continent the Sunda Islands 
(the Indian Archipelago, especially Java), the peninsula of 
Kamischatka and its continuation in the Kurile Islands, 
and the Aleutian Islands, which bound the neajly closed 
Jlehring’s Sea on the south. We shall dwell upon some of 
the principal groups ; individual details, by being brought 
together, lead us to the causes of phenomena. 

The linear volcanoes of Central America, according to the 
older denominations the volcanoes of Costa Rica, Nicaragua, 
San Salvador, and Guatemala, extend from the volcano 
Turrialva near Cartago to the volcano of Soconusco, over 
six degrees of latitude, between 10^9 and 16° 2, in a line 
* the general direction of which is from S.E. to N.W,, and 
which, with the few curvatures which it undergoes, has a 
length of 540 geog. miles. This length is about equal to the 
distance from Vesuvius to Prague. The most closely aj>- 
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proximated of them, as if they bad broken out upon one 
and the same fissure only 64 miles in length, are the eight 
volcanoes, situated between the Laguna de Managua and 
the Bay of Fonseca, between the volcano of Aloinotombo 
and that of ConsCguiua, the subterranean noise of which 
was heard in Jamaica and on the highlands of Bogota in 
the year 1835 like the fire of artillery. In Central America 
and the whole southern part of the new continent, and 
generally from the Chonos Areliipelago in Chili to the most 
northern volcanoes of Mount Edgecombe on the small island 
near Sitka,®® and Mount Elias on Prince William’s Sound, for 
a length of G4(K)gcog miles, the volcanic fissures have every¬ 
where broken out in the western part, or that nearest to the 
Pacific Ocean, Where the line of the Central American vol¬ 
canoes entei’s with the volcano of Conchagua into the state 
of San Salvador, in the latitude of 13^° (to the north of 
the Bay of Fonseca) the direction of the volcanoes changes 
at once with that of the west coast. The series of the 
former then strikes E,S,E.—W.H.W. ; indeed, where the 
burning mountains are again so closely ap|)roxiinated that 
five, still more or less active, are counted in the short dis¬ 
tance of 120 miles, the direction is nearly E.—W. This 
deviation corresponds with a great dilatation of the conti¬ 
nent towards the cast in the peninsula of Honduras, where 
the coast tends also suddenly, exactly east and west, from 
C ipe Gracias A Dios to the Gulf of Amatique for 300 miles, 
after it had been previously running from north to south 
for the same distance. In the group of elevated volcanoes 
of Guatemala (lat. 14° 10') the series again acquires its old 
direction, N. 45° W., which it continues as far as the Mexi¬ 
can boundary towards Chiapa and the isthmus of Huasa- 
cualco. Korth-West of the vblcano of Soconusco to that 

^ Mount Edgecombe, or the St. Lazarus mountain, upon the small 
island (Croze's Island, near Lisiansky), which is situated to the west¬ 
ward, near the noi-thern half of the larger island Sitka or Baranow, in 
Norfolk Sound, was seen by Cook, and is a hill partly composed of 
basalt abounding in olivine, and partly of felspathic trachyte. Its 
height is only 2770 feet. Its last great eruption, which producod 
much pumice-stone, was in the year 1706 (Lutkd, Voyage autonr 
du Monde, 1836, t. iii, jj, 15). Eight years afterwards Captain Lisiansky 
reached the sdmmit, which contains a crater-lako. lie found at that 
tiaie no signs of activity anywhere on the mountain. 
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of Tiixtla, not even an extinct trachytic cone has been ^ 
discovered; in this quarter, granite aliounding in quartz 
and mica-schist predominate. 

The volcanoes of Central America do not crown the ad¬ 
jacent mmiTitain chains, but rise along the foot of the 
latter, usually completely separated from each other. The 
greatest elevations lie at the two extremities of the series. 
Towards the South, in Costa Rica, both seas are visi])le 
from the summit of the Irasu (the volcano of Cartago), 
to which, besides its elevation (11,081 feet), its central 
position contributes. To the south-east of Cartago there 
stand mountains of ten or eleven thousand feet: the 
Ohiriqni (11,202 feet) and the l^ico Blanco (11,740 feet). 
Wo know nothing of the nature of their rook, but ttey 
are probably unopened trachytic cones. Further towards 
the south-ciist, the elevations diminish in Veragua to six 
and five thousand feet. This appears also to he the 
average height of the volcanoes of Nicaragua and San Sal¬ 
vador; but towards the north-western extremity of the 
whole series, not far from the new city of Guatemala, two 
volcanoes again rise above 13,000 feet. The maxima con¬ 
sequently fall into the third group of my attempted hyp¬ 
sometric classification of volcanoes, coinciding with Etna 
and the Peak of Teneriffe, whilst the greater number of 
the, heights lying between the two extremities, scarcely 
exceed V(isuvius by 2000 feet. The volcanoes of Mexico, 
New Granada, and Quito belong to the fifth group, and 
usually attain an elevation of more than 17,000 feet. 

Although the continent of Central America •increases 
considerably in breadth from the isthmus of Panama, 
through Veragua, (-osta Rica, and Nicaragua, to the lati¬ 
tude of 11.}-°, the great area of the lake of Nicaragua and 
the small elevation of its surface (scarcely 128 feet** above 
the two seas), gives rise to such a degradation of the land 
exactly in this district, tliat by it an overflow of air from 
the Caribbean Sea into the Great South Sea is often caused, 
bringing danger to the voyager in the so-called Pacific 

Even under the Spanish Government in 1781, the Spanish engi¬ 
neer, Don Joed Galisteo, had found for the surface of the Laguna of 
Nicaragua an elevation only six feet greater than that given by Daily in hia 
different leveliiuga in 1838 (Humboldt, Bdatim IlUtoriqvie, t. iii, p. 821). 
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Ocean. The north-east storms thus excited have received 
the name of Papagayos^ and sometijnes rage without inter¬ 
mission for four or five days. They have the remarkable 
peculiarity that, during their continuance the sky usually 
remains qiiite cloudless. The name is borrowed from the part 
of the west coast of Niciiragua between Brito or Cabo 
Desolado and Punta S. Elena (from 11° 22' to 10° 50'), 
which is called Golfo del Papagayo, and ineliidt^s the siniill 
bays of Salinas and S. Elena to the soutli of the Puerto 
' de San Juan del Sur. On my voyage from Guayaquil to 
Acapulco, I was able to observe the Papagayos in all their 
violence and peculiarity for more than two whole days 
(9th—11th March, 1803), altliough rather more to the 
south, in less than 9° 13^ of latitude. The waves rose 
higher than I have ever seen them ; and the constant visi¬ 
bility of the disc of the sun in the bright, blue arch of hea¬ 
ven, enabled me to measure the heiglit of the waves by alti¬ 
tudes of the sun taken upon the ridge of the wave and 
in the trough, by a method which had not been tried at 
that time. All Spanish, English®®, and American voyagers 
ascribe the above-described storms of the Southern Ocean 
to the north-east trade-wind of the Atlantic. 

In a now work®® which I have undertaken with much 

See Sir Edward Belcher, Voyagn round the World, vol, i, p, 185. 
According to iny chronometric longitude I was iu the Papagayo-stonn 
IS)® 11' to the west of the moiidian of Guayaquil, and consequently 
99® 9' west, and 880 miles west of the shore of Costa Rica. 

My earliest work upon aoventeen linear volcanoes of Guatemala 
and Nicaragua is*containcd in the Geographical Journal of Berghans 
{^Hertha, Bd. vi, 1826, pp. 131—161). Besides the old Chronista 
Puentes (lib. ix, cap. 9), I could then only make use of the important 
work of Domingo Juarros, Compendio de la Historia de la Ciudad dc 
Guatemala, and of the three maps by Galisteo (drawn in 1781, at the 
command of the Mexican Viceroy, Matias do Galvez), by J<jsd Rossi y 
Rubi (Alcalde Mayor de Quatetnala, 1800), and by Joaquin Ysasi and 
Antonio de la Cerda (Alcalde de Granada) which I possessed princi¬ 
pally in manuscript. In the French translation of his work upon the 
Canary Islands, Leopold von Buch has given a masterly extension of 
my first sketch (Descr, Physique dea Isles Canaries, 1836, pp, 500—514). 
but the uncerbxinty of geographical synonyms and the confusion of 
names caused thereby gave rise to many doubts, which have been for 
the most part removed by the fine maps of Baily and Saunders; by 
Molina’s Bosquejo de la Republica de Costa Rica, and by the great anv; 
very meritorioua work of Squier (Nicaragua, its People and MmumenU^ 
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assiduity,—partly from materials already published, and 
partly from manuscript notes,—upon the linear volcanoes 

with Tables of the Comparative Heights of the Mountains in Central 
America^ 1852, vol. i, p. 418, and vol. ii, p. 102). The important work 
which is promised us by Dr. Oeratedt, under the title of Schilderung 
tier Naturverhdltnhse von Nicaragua und Costa Him, besides the 
admirable botanical and geological discoveries which constitute the 
primary object of the undertaking, will also throw light upon the 
geognostic nature of Central America. Dr. Oersted ]:)assed through 
that region in various directions from 1846 to 1848, and brought 
back a collection of rocks to Copenhagen. I am indebted to his 
friendly communications for interesting corrections of my fragmen¬ 
tary work. From a careful comparison of the matonals with which I 
am acquainted, including those collected by Hesse, the Prussian 
Consul-General in Central America, which are of great value, I bring 
together the volcanot-s of Central America in the following manner, 
proceeding from soutli to north •— 

Above the central plateau of Cartago (1648 feet), in the republic of 
Costa Rica (lat. 10° 9') rise the three volcanoes of Turrialva, Irasu, and 
Reventado, of whicli the first two are still ignited. 

Volcan de TumalmC (height about 11,000 feet) is, according to 
Oersted, only separated from the Irasu by a deep, narrow ravine. 
Its summit, from which columns of smoke rise, has not yet been 
ascended. 

The volcano Irasu*, also called the volcano of Cartago (11,100 feet) 
to the north-east of the volcano Reventado, is the principal vent 
of volcanic activity in Costa Rica, but still remarkably accessible, 
and towards the south divided into terraces in such a manner that 
one may on horseback, almost reach the elevated summit, from 
which the two oceans, the sea of the Antilles and the Pacific, may be 
seen at once The cone of ashes and rapilli, which is about a thou¬ 
sand feet in height, lisesont of a wall of circumvallatiou (a crater of 
elevation), la the flatter, north-eastei n |)art of the sut%nut, lies the 
true crater, of 7500 feet in circumference, which has never emitted 
lava-streams. Its eruptions of scoriie have often (1723, 1726, 1821, 
1847) been accompanied by destructive earthquakes, the effect of 
which has been felt from Nicaragua or Rivas to Panama (Oersted), 
During a very recent ascent of the Irasu, in the beginning of May, 
1855, by. Dr. Carl Hoffmann, the crater of the summit and its 
eruntive orifices have been more accurately investigated. The 
altitude of the volcano is stated from a trigonometrical measure- 

' ment by Galindo, at 12,000 Spanish feet, or, taking the vara 
casi,=0.43 of a toisc, at 11,000 feet, {Bonplandia, Jahrgang, 1856^ 
No. 3). 

El Reventado (about 9500 feet), with a deep crater, of which the 
southern margin has fallen in, and which was formerly filled with 
water. 
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of Central America, twenty-nine volcanoes are nnmtered, 
whose former or present varied activity may be stated 

The volcano Barba (more than 8419 feet), to the north of San 
JoB^, the capital of Costa Rica; with a crater which contains 
several small lakes. 

Between the volcanoes Barba and Orosi, there follows a series of 
volcanoes which intersects the principal chain, running S.E.—N.W. 
in Costa Rica and Nicaragua, almost in the opposite direction, east and 
west. Upon such a fissure stand, furthest to the eastward, Miravalles 
and Tenorio (each of these volcanoes ia about 4689 feet); in the centre, 
to the south-east of Orosi, the volcano llhcon, also called Rincon de la 
Vieja* (Squier, vol, ii, p. 102) which exhibits small eruptions of aahes 
every spring at the commencement of tlie rainy season; and furthest to 
the westward, near the little town-of Alajuela, the volcano Votos^ 
(7513 feet) which abounds in sulphur. Dr. Oersted compares this 
phenomenon of the direction of volcanic activity u}>on a transverse 
fissure, with the cast and west direction, which I found in tbo Mexican 
volcanoes from sea to sea. 

(h*osi* still active, in the most southeiTi part of the State of Nica 
ragiia (5222 feet); probably the V^olcan del Papa^fa^o, on the chart of 
the Deposito Ilidrograjico. 

The two volcanoes, Mandeira and Ometepeo* (4157 and 5222 feet) 
upon a small island in the western part of the Jjagiina de Nicaragua, 
named by the Aztec inhabitants of the district after these two moun¬ 
tains (ome tepcil signifies two mountains; see Buschmann, Aztehlsche 
Ortsna^nen, pp. 178 and 171). The insular volcano Ometepec, erro¬ 
neously named Oinetep hy Juarros {Hint, dc Guatemala, t. i, p. 51), is 
still in activity. It is figured by Squier (vol. ii, p. 235). 

, The extinct crater of the island Zapatera, but little elevated 
above the sea-level. The period of its ancient eruptions is quite 
unknown. 

The volcano of AfomobacJio, on the western shore of tho Laguna dc 
Nicaragua, somewhat to the south of the city of Granada. As this city 
is situated between the volcanoes of Momobacho (tho place is also 
called Mombaches Oviedo, Nicaragua, ed. Ternaux, p. 245), and Masaya, 
the pilots indicate sometimes the one and sometimes the other of 
these conical mountains by tho indefinite name of the Volcano of 
Granada. 

The volcano Mansaya (Masaya) which has already been treated of in 
detail (pp. 258 — 261) was once a Stromboli, but has been extinct 
since the great eruption of lava in 1670. According to the interesting 
reports of Dr. Scherzer (Sitzungsherichteder Philos. Hist. Classe derAhad. 
der Wins, zu Wieiiy Bd. xx, s. 58) dense clouds of vajxjur were again 
emitted in April, 1853, from a newly opened crater. The volcano of 
Massaya is situated between the two lakes of Nicaragua and Managua 
to tho west of the city of Granada. Massaya ia not synonymous with 
Nindiri; but, aa Dr. Oersted expresses himself, Massaya and Nindiri^"^ 

VOL. V. T 
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with certainty. The natives make the number more 
than one-third greater, taking into account a quantity 

form a twin volcano, with two summits and two distinct craters, both 
of which have furnished lava-atreams. The lava-atroam of 1776 from 
the Nindin reachet^ the lake of Managua. The equal height of these 
two volcanoes, situated so close to each other, is stated at only 246a 
feet. 

Yohan dt Momoiovnbo* (7034 feet), burning, and often giving forth 
a thundering noise, but without smoking, in hit. 12® 28', at the north¬ 
ern extremity of the L<aguua de Managua, opposite to the small island 
Momotombito, so rich in 8cul})tures (see the representation of Momo- 
tombo in Squier, vol. i, pp, 233 and 302—312). The Laguna de 
Managua lies 28 feet higher than the Laguna de Nicaragua, which 
is more than double its size, and has no insular volcano. 

From hence, to the Bay of Fonseca or Conchagua, at a distance of 23 
miles from the coast of the Bacific, a line of six volcanoes runs from 
S.E. to N.W.; closely approximated to each other and bearing the 
common name of los Maribios (Squier, vol. i, p. 419; vol. ii, p. 123). 

El NuevOy’^ erroneously called Volcau de las Pilas, because the erup¬ 
tion of the 12th April, 1850, took place at the foot of this mountain; u 
great eruption of lava almost in the plain itself! (Squier, vol. ii, 
pp. 105—110). 

Volcan de TeZica,* visited, during its activity, by Oviedo as early as 
the sixteenth century (aboiit 1529), to the east of Chinendaga, near 
Leon de Nicaragua,, and consequently a little out of the direction 
previously stated. This important volcano, which emits much sul¬ 
phurous vapour from a crater 320 feet in depth, was ascended, a few 
yeai3B since, by my scientific and talented friend Professor Julius 
Frbbel. He found the lava composed of glassy felspar and auglte 
(Squier, vol. ii, pp. 115—117). At the summit, at an elevation of 
3617 feet, there is a crater, in which the vapours deposit great masses 
of sulphur. At the foot of the volcano is a mud-spring ^Salse?). 

The volcano el Viejo,* the northernmost of the crov?5ed line of 
six volcanoes. It was ascended and measured in the year 1838 by 
Captain Sir Edward Belcher. The result of the measurement was 
6559 feet. A more recent measurement, by Squier, gave 6002 feet. 
This volcano, which was very active^ in Dampier'a time, is still 
burning. The fiery eniptions of scoriie are fiequently seen in the city 
of Leon. 

The volcano Guanacaurey somewhat to the north, without the range 
from el Nuevo to the Viejo, at a distance of only 14 miles from the 
shore of the Bay of Fonseca, 

The volcano Comeguina* upon the cape which projects at the south¬ 
ern extremity of the Bay of Fonseca (lat. 12° 60'), celebrated for the 
fearful eruption, preceded by earthquakes, of the 23rd January, 1836. 
The great darkiiccjs during the fall of ashes, similar to that which has 
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of old eruptive basing, which were probably only lateral 
eruptions on the declivity of one and the same mountain. 

Bornetimes been caused by the volcano Pichincha, lasted for 43 hours. 
At a distance of a few feet, firebrands could not be perceived. Respi¬ 
ration was obstructed, and a sabteirancau noi.se, like the discharge of 
heavy artillery, was heard not only in Balize on the })eniusula of 
Yucatan, but also upon the coast of Jamaica, and upon the plateau of 
Bogotd, in the latter case at an elevation of more than 8500 feet above 
the sea, and at a distance of nearly five hundred and sixty geographical 
miles (Juan Galindo, in Sillimaifs American Journal, vol. xxviii, 1835, 
pp, 332—336 ; Acosta, Viajes d lost Andes, 1849, p. 66, and Sqtiier, 
vol, ii, pp. 110—113; fig\ires pp. 163 and 165). Darwin (Jownial of 
Researches during the Voyage of the Beagle, 1845, p. 291) calls attention 
to a remarkable coincideuce of phenomena:—After a long slumber, 
Conseguiua, in Central America, and Aconcagua and Corcovado 
(S. lat. 32and 435°) Chili, broke out on the same day (acci¬ 
dentally ?). 

Volcano of Conchagua, or of Amalapa, at the north of the entrance 
to the Bay of Fonseca, opposite to the volcano Conseguiua, near the 
beautiful Puerto de la Union, the harbour of the ueighbouriug town of 
San Miguel. 

From the state of Costa Rica to the volcano of Conchagua, there¬ 
fore, the close sericR of twenty volcanoes follows a direction from S.E. to 
N.W., but on entering near Conchagua into the State of S;in Salvador 
which, in the short distance of 160 geog, miles exhibits five still more 
or less active volcanoes, the line, like the Pacific coast itself, turns more 
E.S.E.—W.N.W., and indeed almost E.—W., whilst on the eastern, 
Caribbean coast (towards the Cape Gracias d Dios) the land suddenly 
bulges out in Honduras and los Mosquitos (see above, p. 269), It is 
only, as there remarked, to the north of the high volcanoes of Old 
Guatemala, towards the Laguna do Atitlan, that the former general 
direction N. 45* W. ngatu occurs, until at last, in Chiapa, and on the 
isthmus of Tehuantepec, the abnormal direction E,—W. is again mani¬ 
fested, but in non-volcanic chains. Besides Conchagua, the following 
four volcanoes belong to the State of San Salvador :— 

The volcano of San Miguel Bosotlan* (lat. 13* 35'), near the town of 
the same name, the most beautiful and regular of trachytic cones 
next to the insular volcano Ometopec, in the lake of Nicaragua,. 
(Sqiiier, vol. ii, p. 196). Tho volcanic fox’ces are very active in 
Rosotlan, in which a great eruption of lava occuired on the 20 th of 
July, 1844. « 

Volcano of San Vicente,* to the west of the Rio de Lempa, between 
the towns of Sacatecoluca and Sacatelepe. A great eruption of ashes 
took place, according to Juarros, in 1643 ; and in January, 1835, a 
long continued eruption occurred with destructive earthquakes. 

Volcano of San Salvador (lat, 13* 470i near the city of the same 

T 2 
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Amongst the isolated conical and bell-shaped mountains, 
which are there called volcanoes, many may, indeed, consist 

name. The iRst eruption was that of 1656, The whole surrounding 
country is exposed to violent earthquakes ; that of the 16th of April, 
1854, which was preceded by no noises, overthrew nearly all the 
huildings in San Salvador. 

Volcano of Jzalco* near the village of the same name, often pro¬ 
ducing ammonia. The first eruption recorded in history occurred 
on the 23i‘d February, i770; the last widely-luminoua eruptions were 
in April, 1798, 1805 to 1807, and 1825 (see above, p. 261, and Thomp¬ 
son,*0^c/ai Visit t<f Cruatemakif 1829, p. 512). 

Volcan de Pacaya* (lat. 14® 23'), about 14 miles to the south-east 
of the city of New Guatemala, on the small Alpine lake Amatitlan, a 
very active and often flaming volcano; an extende<l lidge with three 
domes. The great eruptions of 1565, 1651, 1671, 1677, and 1775 are 
known; the last, which produced much lava, is described by Juarros 
as an eye-witness. 

Next 'follow the two volcanoes of Old Guatemala, with the sin¬ 
gular api)ellations de Ayua and de Fueyo, near the coast, in latitude 
14 ° 12 '. 

Volcan de Affita, a trachytic cone near Escuintla, higher than the 
Peak of Teuenfle, surrounded Ijy masses of obsidiaji (indications of old 
eruptions?). The volcano, which reaches into the region of perpetual 
snow, has received its name from the circumstance that, in September, 
1541, a great inundation (caused by earthquake and the melting of 
snow?) was ascribed to it; this destroyed the first established city of 
Guatemala, and led to the building of the second city, situated to the 
north-north-west, and now called AniUjna Guatemala. 

Vhlcan de Fuego* near Acatenango, 23 miles in a west-north-west 
direction from the so-called water-volcano. With regard to their rela¬ 
tive position, see the I'are map of the Alcalde Mayor, JDon Jos^ Ilossi y 
liubi, engraved in Guatemala, and sent to me thence as a present: 
Bosqui'jo del espacio qne media enirc los estremos de la Bfovincia de 
Surhitepeques y la Capital de Guatemala, 1800. The Volcan de Fuego 
is still active, but now much less so than formerly. The older great 
eruptions were those of 1581, 1586, 1623, 1705, 1710, 1717,1732, 1737, 
and 1799, but it was not only these eruptions, but also the destruc¬ 
tive earthquakes which accompanied them, that moved the Spanish 
Government in the second half of the last century to quit the second 
seat of the city (where the ruins of la Antigua Guatemala now stand), 
and compel the inhabitants to settle further to the north, in the new 
city of Santiago de Guatemala. lu this case, as at the removal of 
Riubamba, and several other towns near the volcanoes of the chain of 
the Andes, a dogmatic and vehement disjtute was carried on in reference 
to the difficult selection of a locality “ of which it might be asserted, 
according to i>revioiis experience, that it was but little exposed to the 
action of neighbouring volcanoes (lava-streams, eruptions of ecoriee ainj 
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of trachyte and doleritc, but having always been unopened, 
have never exhibited any igneous activity since the time of 
their upheaval. J^Jiqliteen are to be regarded as still active j 
seven of these have thrown up flames, scorijE and lava- 
streatus in the present century (1825, 1835, 1848, and 
1850); and tivo^ at the end of the last century (1775 and 
1799). The deficiency of lava-streams in the mighty vol¬ 
canoes of the Cordilleras of Quito has recently given occa¬ 
sion to the repeated assertion that this deficiency is equally 
general in the volcanoes of Central America. Certainly, 
in the majority of cases, eruptions of scori:e and ashes have 
been unaccompanied by any eflusion of lava—as for exam- 

ear thqnakes!)” In 1852, during a great eruption, the Volcan de Fuego 
]50ured forth a lava-stream towards the shore of the Pacific. Captain 
Basil Hall rneasured, under sail, both the volcanoes of Old Guatemala, 
and found for the Volcan de Fuego 14,665 feet, and for the Volcan de 
Agua, 14,908 feet. The foundation of this measurement has been 
tested by Poggeudorlf. He found the mean elevation of the two moun¬ 
tains to be loss, and reduced it to about 13,109 feet. 

Volcan de Qiitmltenango* (lat 15° 10'), burning since 1821, and 
smoking, near the town of the same name; the three -conical moun¬ 
tains which bound the Alpine lake Atitlan (in the mountain chain of 
Solola) on the south, are aho said to be ignited. The volcano of 
Tajamulco, referred to by Juarros, certainly cannot be identical with 
the volcano of Quesaltenango, as the latter is at a distance of 40 geog, 
miles to the N.W., of the village of Tajamulco, to the south of Tejutla. 

What are the two volcanoes of Sacatepeques and iSapotitlaiij men¬ 
tioned by Fuuel, or Bruo's Volcan de AMilpaa] 

The great volcano of f^oconuaco, situated on the borders of Chiapa, 
28 geog. miles to the south of Ciudad Real, in lat. 16° 2'. 

At the close of this long note I think 1 must ^gaiu mention that the 
barometric determinations of altitude here adduced arc partly derived 
from Espinache, and j»artly borrowed from the writings and maps of 
Baily, Squier, and Molina. 

The following 18 volcanoes, constituting therefore nearly the half 
of all those referred to by rue as active in foi-mer or present times, are 
to be regarded as at present more or less active :—Irasu and Turrialva, 
near Cartago, el Rincon do la Vieja, Votos(?) and Orosi; the insular vol¬ 
cano OmetepeCjNindiri, Momotomba, el Nuevo, at the foot of the trachytic 
mountain Las Pilas, Telica, el Viejo, Couseguiua, San Miguel Boeotian, 
San Vicente, Izalco, Pacaya, Volcan de Fuego (de Guatemala), and 
Quesaltenango. The most recent eruptions are those of el Nuevo, near 
las Pilas, on the I8th April, 1850; San Miguel Bosotlan, 1848; Conse- 
guina, and San Vicente, 1835; Izalco, 1825; Volcan de Fuego, near 
New Guatemala, 1799 and 1852; aud Pacaya, 1775. 
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pie, at present in the volcano of Tz.ilco ; but the descrip¬ 
tions which have been given by eye-witnesses of the lava- 
producing einiptions of the four volcanoes, Nindiri, el Nuevo, 
Conseguina, and San Miguel de Bosotlan, give an opposite 
testimony®®. 

I have purposely dwelt at length upon the details of the 
position and close approximation of the linear volcanoes of 
Central America, in the hope that some day a geognosist, 
who has previously given a profound study to the active 
volcanoes of Europe, and the extinct ones of Auvergne, 
the Vivarais or the Eifel, and who also (this is of the ' 
greatest importance) knows how to describe tue mineral- 
ogical composition of tlm dillcrent rocks in accordance 
with the present state of our knowledge, may feel himself 
impelled to visit this region, which is so near and so 
accessible. Even if the traveller should devote himself 
exclusively to geognostic investigations, there still remains 
much to be done here,—especially the oryctognostic deter¬ 
mination of the trachytic, doleritic, and melaphyric rocks j 
the separation of the primitive mass upheaved, and of the 
portion of the elevated mass which has been covered over 
by subsequent eruptions ; the seeking out and recognition 
of true, slender, uninternipted lava-streams, which are only 
too frequently cordbunded with accumulations of erupted 
scoriae. Conical mountains, which have never been opened, 
rising in a dome or bell-like form, such as Chimborazo, are 
therefore to he clearly separated from volcanoes which have 
been, or still are, active, throwing out scorije and lava- 
streams, like Vesuvius and Etna, or scorije and a«hes alone, 
like Pichiucha or Coto})axi. I know nothing that promises 
to impart a more brilliant impetus to our knowledge of vol¬ 
canic activity, which is still very deficient in multiplicity 
of observations in large and connected continental districts. 
As the material results of such a labour, collections of 
rocks would be brought home from many isolated, true vol- 

Compare Squier, Nicaragua, vol, ii, p. 103, with pp. 106 and IH, 
as also his previoiis small work On the Volcanoes of Central America, 
1850, p. 7; Leopold de Buch, lies Canaries, p. 606, where reference 
is mcide to the lava-stream which broke out of the volcano Nindiri in' 
1775, and which has been recently again seen by a very scientifib ob¬ 
server, Dr. Oersted. 
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canoes, and unopened trachytic cones, togetlicr -with the 
non-volcanic masses which have been broken through by 
both; the subsequent chemical analyses, and the chemico- 
geological inlerences deduced from the analyses, would open 
a field equally wide and fertile. Central America and Java 
have the unmistakeable superiority over Mexico, Quito, and 
Chili, that in a greater sy>acc they exhibit the most variously 
formed and most closely approximated stages of volcanic 
activity. 

At the point where the characteristic series of the vol¬ 
canoes of Central America terminates on the borders of 
Chiapa with the volcano of Soconusco (lat. 16'^ 2'), there 
commences a perfectly different system of volcanoes—the 
Mexican. The isthmus of Tluasacualco and Tehuantepec, 
so important for the trade with the coast of the Pacific, 
like the state of Oaxaca, situated to the north-west, is en¬ 
tirely without volcanoes, and, perhaps, even destitute of un¬ 
opened tracliytic cones. It is only at a distance of 160 geog. 
miles from the volcano of Soconusco, that the small volcano of 
Tuxtla rises near the coast of Alvarado (lat. 18° 28'). Situated 
on the eastern slope of the Sieiva de San Martin, it had a 
great eruption of flames and ashes on the 2nd of March, 1793. 
An exact astronomical determination of the position of the 
colossal snowy mountains and volcanoes in the interior of 
Mexico (the old Anahuac) led me, after my return to 
Europe, while inserting the maxima of elevations in my 
chart of New Spain, to the exceedingly remarkable result, 
that there is in this place, from sea to sea, a parallel of the 
volcanoes and greatest elevations which oscillates by only 
a few minutes to and from the parallel of 19°. The only 
volcanoes and, at the same time, the only mountains covered 
with perpetual snow in the country, and consequently ele¬ 
vations -varying from 12,000 to 3,000 feet,—the volcanoes 
of Orizaba, Popocatepetl, Toluca, and Colima,—lie between 
the latitudes of 18° 69'and 19° 20', and thus indicate the 
direction of a fissure of volcanic activity of 360 geog. miles 
in length". In the same direction (lat. 19° 9'), between the 

See all the bases of these Mexican local determinations, and 
their comparison with the observations of Don Joa(juin Ferrer, in my 
Jiecueil d'Observations Astron, vol. ii, pp. 521, 629, and 536—550, and 
£si,ai Politique sur la Nouvelle-Mspayne, t. i, pp. 56—59, and 176, t. ii. 
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volcanoes of Toluca and Colima, at a distance of 116 and 
128 geog. miles from them, the new volcano of Jorullo (4265 
feet) rose on the 14th Se|)teinbcr, 1759, in a broad plain, 
having an elevation of 2583 feet. The local position of this 
phenomenon in relation to the situation of the other Mexican 
volcanoes, and the circumstance that the fissure from east 
to west which I here indicate intersects the direction of 
the great mountain chain striking from south-south-east to 
north-north-west almost at right angles, are geological 
phenomena no loss important than the distance of the 
eruption of Jorullo from the seas, the evidences of its up¬ 
heaval which I have repi'esent^d graphically in detail, the 
innumerable fuming hornitos which surround the volcaiio, 
and the fragments of granite, which I found immersed in 
the lava poured fortli from the pnnci 2 :)al volcano of Jorullo, 
in a district which is destitute of granite for a long dis¬ 
tance. 

The following table contains the special local determina¬ 
tions and elevations of the series of volcanoes of Ana- 
huac, upon a fissure which, running from sea to sea, inter¬ 
sects the fissure of elevation of the great range of moun¬ 
tains :— 

p. 173. I bad myself early raised doubts with regard to the astrono¬ 
mical determination of the po>sition of the volcano of Colima, near the 
coast of the Pacific (Esmi Poiit. t. i, p. 68, t. ii, ]> 180). According to 
angles of altitude taken by Captain Basil Hall while under sail, the 
volcano is situated in lat. 19*^ 36', and coiiaetpiently half a degree further 
north than I concluded to be its position from Itineraries; certainly 
without absolute determinations for Selagua and IVtatlau, upon which 
I depended. The latitude, 19“* 25', which I have given in^e text, ia, 
like the determination of altitude (12,005 feet), from Ca])taiii ’ echey 
( Voyage, pt. ii, p. 587). The mosu recent map by Laurie {The Ai ica?^ 
and Central Stales of America, 1853) gives 19° 20' for the latitude. 
The latitude of Jorullo may also be wrong by 2—3 minutes, as I was 
then occupied entirely with geological and topographical investigations, 
and neither the sun nor stars were visible for determinations of latitude, 
(See Basil Hall, Journal written on the Coast of Chili, Peru, and Mexico, 
1824, vol. ii, p. 379; Beechey, Voyage, pt. ii, p. 587; and Humboldt, 
Essai PoliL t. i, p. 68, t. ii, p. 380). Jn the true and exceedingly 
artistic views of the volcano of Colima, drawn by Moritz Rugendas, 
which are preserved in the Berlin Museum, we distinguish two adjacent 
mountains,—the true volcano, which constantly emits smoke, and is 
covered with but litHo snow, and the more elevated Nevada, which 
rises far into the region of perpetual snow. 
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Sequence from E. to W. 

Latitude, 

Elevation 
above the sea 
in feet. 

Volcano of Orizaba. .,. 
Nevado Tztaccihuatl .. 
Volcano Popocatepetl .. 
V'olcano of Toluca .... 
Volcano of Jorullo .... 
Volcano of Colima .... 

19" 2' 17" 

19 10 3 

18 59 47 

19 11 33 

19 9 0 

19 20 0 

17,879 

15705 

17726 

15168 

4265 

12005 


The prolongation of the parallel of volcanic activity in 
the tropical zone of Mexico, leads, at a distance of 50G 
miles westwai'd from the shores of the Pacific to the insnlnr 
a'oiip llcvillagigedo, in the vicinity of which Colhiet saw 
pumice-stone floating, and perha})s still farther on, at a dis¬ 
tance of 33C0 geog. miles to the great volcano Miuma Roa 
(19"^ 28'), without causing any upheaval of islands in tho 
jutcrveniiig space! 

The grou]> of linear volcanoes of Quito and New (Iranada 
mcludes a volcanic zone which extends from 2'' S. lat. to 
nearly 5"^ N. lat. Tho extreme boundaries of the area iu 
the reaction of the interior of the earth upon its sur- 
*aco js now manifested, are the uninterruptedly active SaJi- 
av. and the Paramo and Volcan de Ruiz, the most recent 
(> . ilUigratiun of wliicli was in the year 1829, and which was 
, •' M sir'-king by Carl Degenhax’dt from the Mina de San- 
uia. in the province of Mariqxxita in 1831 and from Mar- 
inato in 1833. Tho most remarkable traces of great enxp- 
tive phenomena xxcxt to the Ruiz, ax*e exhihitefl from north 
to south, by the truncated cone of the volcano of Tolima 
(18,129 feet), celebrated by the recollection of the destruc¬ 
tive eruption of the 12th Max'ch, 1595 ; the volcanoes of 
Purac4 (17,006 feet) and Sotara near Popayaii; that of 
Pasto (13,450 feet), near the city of the same name; of 
the Monte de Azufi*e (12,821 feet), near Tuqueires; of 
Cumhal (15,618 feet), and of Chiles, in the px'ovince do los 
Pastes ; then follow the historically celebrated volcanoes of 
the true high land of Quito, to the south of the equator, of 
which four,—namely, Pichiucha, Cotopaxi, Tuagurahua,aixd 
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Sangay,—certainly cannot be regarded as extinct volcanoes. 
Although to tlie north of the mountain group of the 
Robles, near Popayan, as we sliaU shortly more fully show 
in the tripartition of the vast chain of the Andes, it 
is only the central Cordillera, and not the western one, 
nearer to the sea-coast, that exhibits a volcanic activity ; 
on the other hand, to the south of this group, where the 
Andes form only two parallel chains, so frequently men¬ 
tioned by Bouguer and La Condamine in their writings, 
volcanoes arc so equally distributed, that the four volcanoes 
of the Pastes, as well as Cotocachi, Pichincha, iliniza, Car- 
guairazo, and Yana-Urcu, at the foot of Chimborazo, have 
broken out upon the western chain, nearest to the sea; and 
upon the eastern Cordillera, Imbabnra, Cayambe, Antiaana, 
Cotopaxi, Tungurahua (opposite to Chimborazo towards the 
east, but still nearly approximated to the middle of the 
narrow elevated plateau), the Altar de los Gollanes (Capac- 
Urcu), and Sangay. If we inchide the northernmost group 
of the linear volcanoes of South America in one view, the 
opinion so often expressed in Quito, and to a certain extent 
founded on historical documents, of the migration of the 
volcanic activity and increase of intensity from north to 
south, acquires, at all events, a certain amount of proba¬ 
bility. It is true that in the south, and indeed close to the 
colossal Sangay, which acts like Stromboli, we find the ruins 
of the “ Prince of Mountains,” Capac-XJrcu, which is said 
to have exceeded Chimborazo in height, b\it which fell in 
and became extinct in the latter part of the fifteenth cen¬ 
tury (fourteen years before the capture of Quito J>y the son 
of the Inca Tupac Yupangui), and has never again resumed 
its former activity. 

The space of the chain of the Andes which is not occupied 
by groups of volcanoes is far greater than is usually sup¬ 
posed. In the northern part of South America, from the 
Volcan de Ruiz and the conical mountain Tolima, the two. 
most northern volcanoes of the series of New Granada and 
Quito, over the isthmus of Panama as far as the vicinity 
of Costa Rica, where the series of volcanoes of Central 
America commences, there is a country which is frequently 
and violently convi\lsed by earthquakes, and in which 
flaming salses, but no true volcanic eruptions, are known. 
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The len^b of this tract amounts to G28 geo". miles. Nearly 
double this length (occupying a space of 968 geog. miles) is 
a tract of country free from volcanoes, from the Sangay, the 
southern termination of the group of New Granada and 
Quito, to the Chacani, near Arequipa, the commencement of 
the series of volcanoes of Peru and Bolivia. So conqdi- 
cated and various in the same mountain chain, must have 
been the coincidence of the conditions upon which depend 
the formation of permanently open fissures, and the unim¬ 
peded communication of the molten interior of the earth 
with the atmosphere. Between the groups of trachytic and 
doleritic rocks, through which the volcanic forces become 
active, lie rather sboii;er spaces, in which prevail granite, 
syenite, mica-schists, clay-slates, quartzose porphyries, sili- 
cious conglomerates, and limestones, of which (according to 
Leopold von Bach’s investigation of the organic remains 
brought home by .Dcgenhardt and myself), a considemble 
portion belong to the chalk formation. The gradually in¬ 
creased frequency of labradoritic rocks, rich in pyroxene 
and oligoclase, announces to the observant traveller (as I 
have already elsewhere shown) the transition of a zone 
hitherto closed and non-volcanic, and often very rich in 
silver in porphyries, destitute of quartz and full of glassy 
felspar, into the volcanic regions, which still freely commu¬ 
nicate with the interior of the earth. 

The more accurate knowledge whi^h we have recently 
attained of the position and boundaries of the five groups 
of volcanoes (the grouj)S of Anahuac or tropical Mexico, 
of Central America, of New Granada, and Quito, of Peru 
and Bolivia, and of Chib) shows that, in the part of the 
Cordilleras which extends from 19}^° north, to 46“ south 
latitude, (and, consequently, taking into account the curves 
caused by alterations in the axial direction, for a distance 
of nearly 5000 geog. miles,) , not much’® more than half 

^ The following is the result of the determination of the length and 
latitude of the five groups of linear volconoea in the chain of the Andes, 
as also the statement of the distance of the groups from each other: 
a statement illustrating the relative proportions of the volcanic and 
aon-volcanic areas. 

I, Ch'oup of the Mexican VoUanoet; The fissure upon which the 
Volcanoes have broken out is directed from cast to west, ivovs^ 
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(calculation gives 2540 against 2428 geog. miles)‘is occupied 
by volcanoes. If we examine the distribution of the space 

the Orizaba to the Colima, for a distance of 392 geo^^, miles, be¬ 
tween latitudes 19® and 19° 20'. The Volcano of Tuxtla lies 
isolated 128 miles to the oast of Orizaba, near the coast of 
the Gulf of Mexico, and in a parallel (18® 28') which is half a 
degree further south. 

II. Distance of the Mexican group from the next group, that of 
Central America (from the volcano of Orizaba to the volcano of 
Soconusco, in the direction E.S.E.—W.N.VV.) 300 miles. 

III. Group of the Volcanoes of Central Amerirti: Its length from S.E. 
to N.W,, from the volcano of Soconusco to Turrialva, in Costa 
Rica, more than 680 miles, 

IV. Distance of the group of Central America from the series of 
volcanoes of New Granada and Quito, C28 miles. 

V. Group of the Volcanoes of New Granada and (luito: Its length 
from the eruption in the Paramo de Ruiz to the north of the 
Volcan de Tolima, to the volcano of Sangay, 472 miles. The 
portion of the chain of the Andes between the volcano of PiiracS, 
near Popayan, and the Boutheni part of the volcanic mountain 
group of Pasto is directed N.N.E.—S.S.W. Far to the eastward 
from the volcanoes of Popayan, at the sources of the Rio Fragua, 
there is a very isolated volcano, which I have inserted upon my 
general map of the mountain group of the South American 
Cordilleras, from the statements of missionaries from Timana, 
which were communicated to me : distance from the sea-shore, 
152 miles. 

VI. Distance of the volcanic group of New Granada and Quito, from 
the group of Peru %nd Bolivia, 960 miles, the greatest length 
destitute of volcanoes. 

VII. Group of the Series of Volcanoes of Pern and Bolivia, from the 
Volcan de Chacani and Arequij)a to the volcano Atacama 
(leJ-®—21^®) 420 miles. 

VIII. Distance of the group of Peru and Bolivia from the volcanio 
group of Chili, 640 geog. miles. From the portion of the desert of 
Atacama, on the border of which the volcano of San Pedro rises, 
to far beyond Copiapo, even to the volcano of Coquirabo (30® 5'), 
in the long Cordillera to the west of the two provinces Catamarca 
and Rioja,there is no volcanic cone. 

IX. Group of Chili, from the volcano of Coquimbo to the volcano 
San Clemente, 968 miles. 

These estimates of the length of the Cordilleras, with the curvature 
which results from the change in the direction of the axis, from the pa¬ 
rallel of the Mexican volcanoes in 19^® of north latitude, to the volcano of 
San Clemente in Chili (46® 8' S. lat.), give for a distance of 4968 miles, 
a c'pace of 2540 miles which is covered by five linear groups of volcanoes 
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free from volcanoes between the five volcanic cronps, we 
find the maximum distance of two groups from one another 
between the volcanic series of Quito and Peru. This is 
fully 9GO miles, whilst the most closely approximated 
groups are the fii*st and second, those of Mexico and Cen¬ 
tral America. The four interspaces between the five groups 
are severally 300, 6:i8, 960, and 540 miles. The great dis¬ 
tance of the soiiiherumost volcano of Quito from the most 
northern of Peru, is, at the first glance, the more remark¬ 
able, becau'^e, according to old custom, we usually term the 
measurement of degrees upon the high laud of Quito, the 
Peruvian measureme it. Only a small southern portion of 
the Pom vim chain of the Andes is volcanic. The number 
of volcanres, ac o* ling to the lists which f have prepared 
after a cartful critici&m of the newest matiTials, is as fol¬ 
lows :— 


Names of the five groups of linear Vol¬ 
canoes of the New Continent, from 
19® 25' noith, to 46® 8' south 
latitude. 

No. of Volca 
noes included 
in each gi oup 

No. of Volca¬ 
noes which are 
t?o beiegarded 
as still Ignited. 

Group of Mexico’^. 

6 

4 

Group of Central America'’' .... 

29 

18 

Group of New Gratiaila and ) 
Quito”. / 

18 

10 

Group of Peru and Bolivia”.... 

14 

3 

Group of Chili'’®. 

24 

13 * 


(Mexico, Central America, New Granada with Quito, Peru with BoliviB, 
aud Chili); and a space probably quite free fiom volcanoes of 2428 
miles. The two spaces are neaily equal. I have given very definite 
numerical relations, as obtained by the careful cnticibin of my own 
maps and those of others, in order to give rise to a greater desire to 
improve them. The longest poition of the Cordilleras free from vol¬ 
canoes is that between the groups of New Granada with Quito and 
Peru with Bolivia. It is accidentally equal to that occupied by the 
volcan<^es of Chili. 

The group of volcanoes of Mexico includes the volcanoes of 
Orizaba,* Popocatepetl,* Toluca (or Ceiro de San Miguel de Tutucuitla- 
pilao), Jorullo,* Colima,* and Tuxtla.* Here, as in similar lists, the 
still active volcanoes are indicated by asterisks. 
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According to these data the total number of volcanoes in 
the five American groups is 91, of which 56 belong to the 

The series of volcanoes of Central America is enumerated in the 
notes 66 and 67. 

^ The group of New Granada and Quito includes the Paramo y 
Volcan de Kuiz,* the volcanoes of Tolima, Puracd,* and Sotard, near 
Popayan; the Volcan del Rio Fragua, an affluent of the Caqueta; the 
volcanoes of Paste, el Azufral,* Ciimbal,* Tuqnerres,* Chiles, Imha- 
buru, Cotocachi, Rucu-Pichiiicha, AntiBana(?), Cotopaxi,^ Tungurahua,* 
Capac-Urcu, or Altar de los Collanes(?), and Saugay.* 

7* The g^oup of Southern Peru and Bolivia, includes from north to 
south the following 14 volcanoes:— 

Volcano of Chacani (also called Charcani^ according to Curzon and 
Meyen), belonging to the group of Arequipa and visible from the 
town; it is situated on the right bank of the Rio Qiiilca, in 
lat. 16“ 11', according to Pentland, the most accurate geological 
observer of this region, 32 miles to the south of the Nevado de 
Chuquibamba, which is estimated at more than 19,000 feet in 
height. Mamiaoript records in my possession give the volcano of 
Chacani a height of fully 19,601 foot. Curzon saw a large crater 
in the south-eastern part of the summit. 

Volcano of Arequipa* lat. 16“ 20', 12 miles to the north-east 
of the town. With regard to its height (18,879 feet?) see p. 252. 
Thaddaus Hiinkc, the botanist of the expedition of Malaspina 
(1796), Samuel Curzon from the United States of North America 
(1811) and Dr. Weddell (1847) have ascended the summit. In 
August, 1831, Meyen saw large columns of smoke rising; a year 

.■ previously the volcano had thrown out scoriae, but never lava- 
streams (Meyen's Reise um die Erde, Th. ii, s. 33). 

Volcan de Omato, lat. 16“ 60'; it had a violent eruption in the year 

Volcan de Uvillas or Uvinas, to the south of Apo; its Iwt eruptions 
were in the sixteenth century. 

Volcan de Pichu-Pichu^ 16 miles to the east'of the town of 
Arequipa (lat. 16° 25'), not far from the Pass of Cangallo, 9673 feet 
above the sea. 

Volcan Viejo, lat 16“ 56', an enormous crater, with lava-streams and 
much pumice-stone. 

The six volcanoes just mentioned, constitute the group of Are¬ 
quipa. 

Vohan de Tacora or Chipicani, according to Pentland’s fine map of 
the lake of Titicaca, lat, 17“ 46', height 19,738 feet. 

Volcan de Sahama,* 22,354 feet in height, lat. 18“ 7'; a trunca^d 
cone of the most reguLar form; see p. 263. The volcano of! 
Bahama is (accerding to Pentland) 927 feet higher than the 
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continent of South America. I reckon as volcanoes, besides 
those which are still burning and active^ those volcanic 

Chimborazo, but 6660 feet lower than Mount Everest in the 
Himalaya, which is now regarded as tho highest peak of Asia. 
According to the last official report of Colonel Waugh, of tho 
1st March, 18.56. the four highest mountains of the Himalayan 
chain are: — Mount Everest (Gaunschanka) to the north-east of 
Katmandu, 29,000 feet, — the Kuntschinjinga, to the north of 
Darjiling, 28,154 feet,—the Dhaulagiri (Dhavalagirir), 26,825 feet, 
and Tschumalari (Chamalari), 23,946 feet. 

✓ 

Volcano of Poiuarape, 21,699 feet, lat, 18® 8', almost a twin moun* 
tain with the following volcano. 

Volcano of Parinacota, 22,029 feet, lat. 18° 12'. 

. The group of the four trachytic conos Saliama, Pomarape, Parinacota, 
and Gualaticri, lying between the parallels of 18° 7'and 18® 26'. is, 
according to Pcntland's trigonometric measurement, higher than Chim¬ 
borazo, or more than 21,422 feet. 

Volcano of Gualatieri* 21,962 feet, lat. 18® 25', in tho Bolivian 
province Carangas; very active, according to Peiitlaud {Hertha, 
Bd. xiii, 1829, a, 21). 

Not far from the Sahama-groupt 18** 7' to 18° 25', tho series of 
volcanoes and the entire chain of the Andes, which lies to the westward 
of it, suddenly change their strike, and pass from the direction 
S.E.—N.W. itito that from north to south, which becomes general a 4 
far as the Straits of Magellan. 1 have treated of this important turning 
point, the notch in the shore neai* Arica (18° 28') which has an analogue 
on the west coast of Africa in the Gulf of Biafra, in the first volume of 
Cosinos, p. 296. 

Volcano of Isluga, lat. 19° 20', in the piovince of Tarapaca, to tho 
west of Carangas. 

Volcan de San Pedro de Atacama^ on the north-eastern border of tho 
Desierto of the same name, in lat. 22° 16', according to the new 
plan of the arid sandy desert {Desierto) of Atacama, by Dr. 
Philippi, 16 miles to the north-oast of the small town of San Pedro, 
not far from the great Novado do Chorolque. 

There is no volcano from 204 ° 80°, and after an interruption of 

more than 668 miles, the volcanic activity first reappear^4u the 
voloano of Coqnirabo. For the existence of a volcano of Copiapo 
(lat, 27® 28') is denied by Meyen, whilst it is asserted by Philippi, 
who is well acquainted with the country. 

Our geographical and geological knowledge of the group of vol¬ 
canoes, which we include in the common name of tho linear volcanoes 
of Chili, is indebted for the first incitement to its completion, and 
even for the completiou itself, to the acute investigations of Captain 
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^prmations whose old eruptions belong to historic periods, 
of which the structure and eruptive masses (craters ot 


Fitzroy in the memorable expedition of the ships -Adventure and 
Beagle, and to the ingemous and more detailed 1 ibours of Charles 
Darwin The lattei, with his peculiar geneiah/ing view, has grasped 
the connexion of the phenomena of eaithquakes md eiuptions of 
volcanoes under one point of view The gieat natui xl phenomenon 
which destroyed the town of Copiapo on the 22nd of Novtmber, 1822 
was accompanied by the upheaval of a considerable tract of country 
on the coast, and duiing the exactly similar phenomenon of the 20th 
Fcbruaiy, 1835 which did so much injury to the city of Concepcion, 
a submaime volcano bxoke out with heiy eruptions near the shore of 
the island of Chiloe, near Bacalao Head xnd riged toi a day and a half 
All this, depending upon siiiiil ir conditions, his also occunod tormerly, 
and strengthens the belief that the senes of rocky islands which lies 
opposite to the Ijorth of the mainland to the south of Valdivia and 
of the Fuute Miullin and includes Cliiloe the Aichipeligo of Chonos 
and Huiyttcis, the Peninsula de Ties Montes, and the Islis de la 
Campana, do li Mulre de Dios, dc Santa Luoii and los Lobos, froln 
39* 53'to the eutiiiice of the Sti uts of Magtllin, is the crest of a 
submerged western Coidilleia projecting above the sea It is true that 
no open trachytio cjno no volcano belmgs to these txdquon 

terns but individuil subinaniie eiiiptioiiR sometime'* followed and 
sometimes pi et edt cl by mighty e irthquakes, appear to indicate 
the existence ot this western fissure (Darwin, On the connexion of 
volcamcpheenomena \he foiniation of mounfam chains, and the effect of 
the same poivers by which continents are elevated in the Tram Oeol 
Society, 2ad senes vol v, pt 3, 1S40, pp 606—615, and 629—631, 
Humboldt, Emil PoliUque sm la Nonvelle E^pagne, t i p 190, and 
t u. p 287) 

The senes of 24 volcanoes included in the group of Chili is as 
follows eounting tiem north to south, fiom the parallel of Coquimbo 
to 46* S lat — 

(a) Between the pai allele of Coqmmho and Valparaiso — 

Volcan de Coquimbo (lit 30® 5 ), Meyen, th i a 385 

Volcano of Limaii 

Volcano of Chuapn 

Volo^oof Aconcagua*, WN,W of Mendoza, lat 32* 39', altitude 
28,<k)4 feet, according to Kellet (See p 263, note), but according 
to the most lecent trigonometric measurement of the engmeei 
Amado Pissis (1854) only 22 301 feet, consequently, rather lower 
than the Sahuna, which Pentland now assumes to be 22,350 feet 
(Gillis, US Natal Asti on Erped to Chih, vol i p 13) The 
geodetic basis of measurement of Aconcagua at 6797 metres, which 
required eight tinngles, has been developed by M Piasis, the 
Anales de la Umoersidad de Chle, 1852, p 219. 


lb 
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eleyatioQ anti eruption, lavas, scoriae, pumice-stones 
obsidians) characttrise them, without referenco to any tril^ 

The Peak of Tupungato is stated by Oilliss to be ?3,450 Engliah, or 
21,063 Pans, feet in height, and in lit 33® 22'J but in the map 
of the province of bantiigo by Pissis (Gilliss p 45), it ib estimated 
at 22,016 English, or 20 665 Pans feet The latter number la re 
tamed (as 6710 metres) by Pissis in the Anales de^Chile, 1850, 
p 12. 

l(6 ) Between the parallels tfValparais > and Concepcion 

Volcano of Mayjiu* according to Gilliss (vol i, p 13), in lat 34® 17', 
(but in his general map of Chili 33® 47', certainly erroneously), 
and 17,662 feet in height Ascended by Mtycn The tiachytio 
rock of tho summit has broken through upper jurassic strita, in 
which Leojiold von Buck detected Lxogyi a 6 u-7on/, Tngonia cos 
tata and Ammonites hi} Icc hom clevitious <.t 9600 feet (Desenp 
tion Physique des lies Canaries lS3b p 471) No lava streams, 
but eruptions of flame md sorie fiom the enter 

Volcano of Peteroa , to the eist of 1 ilca in 1 t 34° 53', a volcano 
which is fiequently in activity and which iccording to Molina’s 
description, had a gieat eiuptun cn tho 3rd Deceinbei, 1762. It 
was visited in 1831 by tho highly gifted nitui diet. Gay 

Vb7can de Chilian, lat 16® 2', a region which has been described by 
the mission iry Havcstidt of Munster In its vicinity is situated 
the Nevado Doscabezido (35® 1'), which w is ascended by Domeyko, 
and which Molmi declired (erroneously) t^ be the highest moun 
tain of Chill Its height has been estimated bj Gilhss at 13,100 
feet {U S Naval A str Eorped , 1855, vol i ip 16 and 371) 

Volcano of Tucapel, to tlie west of the city of Concepcion; also 
called Silla Veluda perhaps an unopened trachytic mountain, 
which IS in connection with the active volcino of Autuco 

(c) Between the parallels of Cosicepcion and Valdivia 

Volcano of Antuco*, lat 37® 7', geognosticnlly described m detail by 
Poppig, a basaltic ciater o5 elevatnn, from the interior of 
which a trachjtic cono iscends, with lava streams, which bleak 
out at the foot of the cone, and more r irely from the crater at the 
summit (Poppig, Beise in Chile and Peru Bd i s 364) One of 
these streams was still dowing in the yeir 1828 The indefatig¬ 
able Domeyko found the volcano m full activij^y in 184&j^d its 
height only 8920 feet (Pentland, in Maiy bomerville*B^&y»caf 
Geography, vol i p 186) Gilhsa states the height at 9242 feet, 
and mentions new eruptions in the year 1853 According to 
intelligence communicated to me by the distinguished American 
astronomer, Gilhsa, a new volcano rose out of the depths in the 
interior of the Cordillera between Antuco and the Deacabezado 
^on the 26th of November, 1847, forming a bill* of 320 feet The 
^Sulphureous and fiery eruptions wel'e seen for more than a year 

VOL. V. V 
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^tion, as volcanoes which have Ion" been extinct^. Unopened 
trachytic cones and domes, or unopened long trai hytic ridges, 
such as Chimborazo and Iztaccihuatl, are excluded. This is 
also the sense given to the word volcano by Leopold von 
3uch, Charles Darwin, and Friedrich Naiimaun in their geo¬ 
graphical narratives, I give the name of still active vol¬ 
canoes to’those which when seen from their immediate 
vicinity, still exhibit signs of greater or less degrees of their 
activity, and some which have also presented grtsat and well- 
attested eruptions in recent times. The qualification “ seen 
from their immediate vicinity,” is of great importance, as 
the present existence of activity is denied to many volcanoes, 
because, when observed from the plain, the thin vapours, 
which ascend from the crater at a great height, remain 
invisible to the eye. Thus it was even denmd, at the time of 
my American traixds, that Pichincha and the great volcano 
of Mexico (Popocatepetl) wele still active although an enter- 

by Domeyko, Far to the eastward of tlie volcano of Antuco, in 
a parallel chain of the Auden, Poppig states that there are two 
other active volcanoes,— Pmihamuidda^ and Unalavuuen*. 

Volcano of CallaquL 

Volcan (le Villarie.a'^^ lat, 39° 14t 

Volcano of Chiual, lat. 39° 35'. 

Volcan de Panguipulll*, lat. 405°, according to Major Philippi. 

{(1) Bettveen the Parallels of Valdivia and the soulhernmost Cape of 
the Island of Chiloe: 

Volcano of Ranco. 

Volcano of Osomo or Jjla^iqulhuc lat. 41° 9'; height 7443 feet. 

Volcan dc Calhuco* lat. 41° 12'. ^ 

Volcano of Guanaltuca (Guaiicgueq 

Volcano of Minchinmadom., lat. 42° 48', height 7993 feet, 

Volcan del Corcovado,^ hit. 43° 12', lieight 7509 feet. 

Volcano of YaiUeles (Yutales), lat. 43° 29', height 8030 feet. 

Upon the last four volcanoes, see Captain Fitzroy, Exped, of the 
Beagle, vol. iii, p. 275, and Gilliws, vol. i, p. 13. 

Volcano of San Chmmfc, opposite to the Peninsula de Tres Montes, 
which consists, according to D.invin, of granite, lat. 40° 8'. On 
the groat map of South America, by La Cruz, a more Houthern 
volcano de lo.s Gigantes is given, ojiposite the Archipelago de la 
Madre de Dios, in lat. 61° 4'. Its existence is very doubtful. 

The latitudes in the foregoing table of volcanoes are for the moat 
part deinved from the maps of Pi■^^ia, Allan Campbell, and Claude^ 
Gay^ in the admirable work of GilUss (1855). 
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prisinsc traveller, Sebastian Wisse,*^® countecl 70 still burning ^ 
orifices (fniiiai'oles) avotind tlie great active cone of eruption 
iu tlio abater of Pichinelia; and I was myself a witness,” 
at the foot of tlie volcano in the Miilpais del Llano dc 
Tctinipa, in which I had to measure a ba'»i‘-line, of an ex¬ 
tremely distinct eruption oi aslies frtmi Pojiocatejietl. 

In the series of volcanoes of Ntw Crvanada and Quito, 
which in 18 volcanoes iiielades 10 that are still active, and is 
5 ibont twice the l<‘ngih of th(‘ P\ ivu* (s, W(' may indicate, from 
to soutl* as f(»nr sm dlcv groups or subdivisions:— 
the PaTTimo de Ruiz and the neichbonruig volcano of Tolima 
(latitude, according to A( o-.t:i, 4^^ 55' X.) ; Puraoc' and Hotara, 
near Popayan (hit. 21°); tlie Volcanes de Pasto, Tuquerres' 
and Cunibal (lat. 2° 20' to 0^ 50'); and the' series of volcanoes 
from Pichinclu, near Quito, to ihe uniut('nnittently active 
Sangay (from tlie equator to 2° South latitude). This last 
subdivision of the active group isnotpartieiilarly r<'markable 
amongst the volcanoes of the Nc'w World, either hy its great 
lengtli, or hy tlie closeness of its arranoenieiit. We now 
know, also, that it do^s ivA inchidc tlie highest .summit, for 
the At oucagua in Chili (lat. -'52° ‘ID'), of 23,()03 feet, according 
to KcIIol, 23,909 feet, accoiding to Fit/roy and Pentland, 
besith's the Xevados of Sail nua (22,349 feet), Parincota 
(22,030 feet), Gualateiri (21 9()2 fis^t), and Pomarape (21,099 
feet), all from between 18° T and 18° 25' south latitude, aro 
regarded as higher than Chimborazo (21,122 fiet). Never¬ 
theless, of all the volcanoes of the ntuv eontimnit, the vol¬ 
canoes ol Quito enjoy the most widely sjivead renown, for 
to these mountains of the chain of the Andes, to this high 
land of Quito, attaclics the inetiiory of those as:,iduons astro- 
nomieal, geoch’tical, optical, and barometi icul labours, directed 
to important ends, which arc associated witli the illustrious 
names of Pouguer and La Condamine. WIierevtT iutel- 
loctual tendencies }>revail, wliercwcr a rich harvest of r(I;jas 
has been excited, leading to the udvancemont of severed 
sciences at the same time, £ime rctnains as it were locally 
attached for p. long time. Such fame has in like manner 
belonged to Mont Blanc in the Swiss Alps,—not on account 

Iliunbokli, Kleincre Fckriftcn, Bd. i, g, 90. 

^ 24th of January, 1804, 8oe my Easai Politique sur la NouvelU 
Espagne, t, i, p, 166. 
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of its height, which only exceeds that of Monte Eosa by 
about 557 feet,—not on account of the danger overcome 
in its ascent,—but on account of the value and multiplicity 
of the physical and geological views which ennoble Saus- 
suro’s name, and the scene of his untiring industry. Nature 
appears greatest where, beside,s its impression on the senses, 
it is also reflected in the depths of thought. 

The series of volcanoes of Peru and Bolivia, still entirely 
belonging to the equinoctial zone, and according to Pentland, 
only covered Avith perpetual snow at an olev{xtion of 16,945 
feet (Darwin, Journal, 181.5, p. 241), attains the maximum of 
its elevation (22,319 feet) at about the midd'e of its length 
in the Saluvina group, between 18*^ 7' and 18’’ 25' .south lati¬ 
tude. There, in the neighbourhood of Arica, appears a sin¬ 
gular, bay-like bend of the shore, which corresponds with a 
sudden alteration in the a.xi.Al dir*ection of the chain of the 
Andes, and of the series of volcanoes lying to the Avest of it. 
Thence, towards the south, the coast line, and also the vol¬ 
canic fissure, no longer strike from south-east to north- 
Avest, but in the direction of the meridian, a direction which 
is maidtained until near the Avestern entrance into the Straits 
of Magellan, for a distance of more tlian two thousand miles. 
A glance at the map of the ramifications and groups of moun¬ 
tains of the chain of the Andes, published by me in the year 
1831, exhibits many other similar agreements betAveen the 
outline of the New Continent, and the near or distant 
Cordilleras. Thus between the promontories of Aguja and 
San Lorenzo (5,J° to 1° south latitude), both the coast line 
of the Pacific and the Cordilleras are directed from south 
to north, after being directed so long from south-east to 
north-west, between the parallels of Arica and Caxamarca; 
and in the same Avay the coastrline and the Cordilleras run 
from south-west to north-east, from the mountain group of 

.Imbaburu, near Quito, to that of los Robles,’® near Popayan. 

$ 

The mica schist mountain group de los Roblos (lat. 2° 2') and of the 
Paranio de las Papas (lat, 2® 20') contains the Alpine lakes. Laguna eje 
S. lago and L, del Buey^ scarcely six miles apart; from the former springs 
the CaucUi and from the latter the Magdalena, which, bising soon sepa¬ 
rated by a central mountain chain, only unite with each other in the 
parallel of 9® 27', in the plains of Mompox and Tenerife. The above- 
mentioned mountain group between Popayan, Almaguer, and Timatia 
W of great importanct in connection with the geological (piestiou sVhothcr 
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With regard to the geological causal connection of the agree¬ 
ment, which is so often manifested between the outlines of 

the volcanic chain of the Andes of Chili, Peru, Bolivia, Quito, and 
Kew Granada, be connected with the mountain chain of the Isthmus 
of Panama, and in this way witli that of Veragua and the scries of vol¬ 
canoes of Costa llica and Central America in general. In my maps 
of 1816, 18‘27, and 1831, the mountain-systems of which have been 
made more generally known by Drud in Joaquin Acosta's fine map of 
New Granada (1847) and in other maps, I have shown how tlio chain 
of the Andes undergoes a triple division under the northern parallel 
of 2® 10'; the western Cordillera running between the valley of the 
llio Cauca and the llio AtraLo; the middle one between the Cauca and 
the lUo Magdalena; and the eastern one between the valley of the 
Magdalena and the Llanos (plains) which are watered by the afiluciith 
of the Maiahon and Orinoco. I have been able to indicate the special 
direction of these three Cordilleras from a great number of points 
which fall in the scries of astronomical local determinations, of which 
I obtained 152 in South America alone by culminations of stars. 

To the east of the llio Dagun, and to the west of Cazeres, llolda- 
nilla, Toro, and Anserma, near (^artngo, the western Cordillera run* 
S.S.W.—N.N.K., as far as the Salto de San Antonio in the llio Cauca 
(lat. 5® 14') which lies to the south-west of the Vega de Supia, Thence, 
as far as the Alto del Vieuto (Cordillera dc Abibe, or Avidi, lat, 7° 32') 
9600 feet in height, the chain increases considerably in elevation and 
bulk, and amalgamates, in the province of Antioquia, with the inter¬ 
mediate or Central Cordillera. Fuitlier to the north, towards tlio 
sources of the Kios Lucio and Guaciiba, the chain ceases, ‘di\ iding into 
ranges of hills. The Cordillera occidental, which is scarcely 32 miles 
from the coast of the Pacific near the mouth of the Dagiia in the 
Bahia de San Buenaventura (lat. 3° 50') is twice this distance in the 
parallel of Quibdo in the Choco (lat. 5° 48'). This observation is of 
some importance, because we must not confound with the western 
chain of the Ancles, the country with high hills, and the range of hills, 
which in this province, so lich in gold dust, runs from south to north 
from Novita and Tado along th(i right bank of the Rio San Juan and 
the loft bank of the great Rio Atrato, It is thus inconsiderable series of 
bills that is inter.sected in the Quehrada de la Raspadura, by the 
canal of Raspadura (Canal iZcs Mvncltes), which unites two rivera (tho 
’ Rio San Juan or Noanama and the Rio Quibdo, a tributary of the 
Atrato) and by their means tw'o oceans (Humboldt, Es&ai PoUiiquc, t, i. 
p- 23B); it was this also which was seen in the instructive expedition of 
Captain Kellet between the Baliia do Cnpica (lat. 6® 42') long and fruit¬ 
lessly extolled by me, and the sources of the Na 2 )ipi, which falla 
into the Atrato. (See Ilumboldl,, Op. cit. t. p. 231; and Robeit 
Fitzroy, Coneideratlons on the Great htknms of Central Americaj in 
the Journal of the iZoya? Gcogr, Eoc. vol. xx, 1851, pru 178, 180, and 
,186). 

, ,The middle chain of the* Andes (Cordilhra Central), constantly the 
highest, reacliing within the limit of perpetual snow, and in its entire 
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contiiients and the direction of near inonntain chains (South 
America, Allegbanys, Norway, pennines), it appears diflO.- 
cult to come to any decision. 

extent, directed nearly from south to north, like the western chain, 
commences about 35 miles to the nortli-cast of Popayau with the 
Paramos of Guaiuicoa, Huila, Tiaca, and Cbinche. Further on towards 
the north, between lliiga and Chaparral, I'ite the elongated ridge of the 
Nevado do Baiuguaii (lat. 4° IP;, la Montjula de Quindio, the snow¬ 
capped, tnmeated cone of Tolima, the V*)lcaiio and Paramo de Ruiz 
and the Mesa de Herveo. Tlie.se high and rugged mountain deserts, to 
which tlie name of Paramos is applied in Spanish, ate distiiignishod by 
their temperature and a peculiar eharactorof vegetation, and rise in the 
part of the tropical region which T here dosorihe, according to the mean 
of many of my ineaMircmcntH, fruiu 1(>,()00 to 11,700 feet above the 
level of the sea. In the parallel of Mariquita, of the Horveo and the 
Salto de Sau Aiitoino, in the viilley of the Cauca, there comniencea a 
union of tlio western and central cliaina, of which mention has already 
been made. Tins amalgamation becomes moat remarkable between 
tho above-mentioned Salto and the Angostura and Cascada de Cara- 
inanta., neai Siqua. Here is situated the high land of the ]iiovinco of 
Aiitioquia, so difficult of access, winch extends, according to Manuel 
Re&trepo, from 5^® to 8° 3P; in this w’c may mention as points of 
elevation from south to nox’th: Anna, Sonsoji, to tho north of the 
sources of the Rio Samuiia * Marinilla, Rio Negro (G844 feet), and 
Medellin (4S47 feet), tho plateau of Sant.i Rosa (84G6 feet) and Valle do 
Osos. Further on, Ijeycnid Ca/t'ren and Zaragoza, tow^ards the conflu-- 
enoe of tlio Pauca and ?sechi, the true mountain chain disappears, and 
the eastern slope of the Cerros de San Tiucar, winch I Saw from BadillaB 
(lat- 8° 1'), and Patuu.i (lat. 7° 3G'), during iny navigation and survey of 
the Magtlalcna, is only porcepliblo from its contrast with the broad 
river-plain. 

The eastern Cordillera posses!?C3 a geological interest in ns much as it 
not only separates the whole nortlioru mountain system of New Oi'anada 
from the lowland, frtnn wiiich tho w'ators How i)art]y b^thc Caguan 
and Caqueta to the Amazons, and ])art.ly by the Giiaviare, Meta, and 
Apure to the Ornioco, but also unites itself most distinctly with the 
littoral chain of Caraccas, AVliat is called in sy-stems of veins a rahinff 
takes place there,—a union of mountiiiu chains which have been ele¬ 
vated upon two fissures of very diircicnt directions, and probably even 
at very different times. The eastern Oortlillei’a departs far more than 
the two otheis from ti muiidional direction, diverging towards the 
north-east, so that at tlie siiow'y mountaiiiH of Merida (lat. 8° 10') it 
. already hca 5 degree.^ of longitude furtlior to the cast, than at its issue 
from the mountain grou]) de los Robles, near 1 lie Ceja and Timana. To 
the north of the Paramo do la Suma l*a/:, to the east of the Punficacion, 
on the westeni doelhity of the Paramo of Cliingaza, at an altitude of 
only 8760 feet, rises, over an oak forest, tlic hue but treeless and stern 
plateau of Bogota (Lit. 4“ 36'). Jt occupies about 288 geog. square miles 
and its position presents a remarkable similarity to that of the basin 
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j'Uthougli, in the series of volcanoes of Bolivia and Chili, 
the western branch of the chain of the Andes, which 
approaches nearest to the Pacific, at present exhibits the 
greater part of the traces of still existing volcanic activity, 
yet, a very cx])erienced observer, Peniland, has discovered, 
at the foot of the eastern cliain, more than 180 geog. miles 
from the sea-coast, a perfectly ])reserved, bnt extinct crater, 
with unmistakejible lava-streams. This is situated upon the 
summit of a conical mouutaim near San Pedro do Cacha, in 

of Casiimere, which, however, accoTxling to Victor .Tacqucmont, ia 
about 3410 feet lower ut the Waller iak(‘, ami belougs to the south- 
western declivity of the llimulayuu chain. Tlie platoiiu of Bogota and 
the Paramo de (Jhiugn^ia, arc followed in the eastern Cordillera of the 
Andes towards the iioith-eaat by the Piramos of Gnaehaiieqne, above 
Tunja; of Zoraca, above Sogamoso; of Chita (10,000 feet near the 
sources of the llio Casaiiare, a tributary ol the Meta; of the Ahnorzadera 
(12,8 j 4 feet), near Socono; of Cacota (10,980 feet), neui Pauqdona; of 
Laura and Porquera near la Grita. Here, between l*atn])lona, Kalazar, 
and llosurio (between hit. 7"^ S' and 7*^ 50') is situated the small moun¬ 
tain group, li-om whicli a crest extends from youth to iioiLh towards 
Ocafia and Vdllc dc Upar, to the west of blio Laguna de Maracaibo, and 
unites with the iiiost'ailv.inced mountains of the Sierra Ni.wado de Santa 
Marta (19,000 feet2). The more eh-vatod and vaster crest continues in 
the original uoi-th-eastorly direction towjuds ]\Ieridii, Truxillo, and Bar- 
quisiincto, to unilo there, to the eastward of the Laguna de Maracaibo, 
with the granitic littor,*! chain of Venezuela., to thowe&t of Puerto Cabello. 
From the Grita and tlie Paramo de I’oiqueia the eastern Cordillera 
rises again at once to an extraordinary height. Between the parallels 
of 8® 5* and 9® 7', follow the Sieira Nt'vada do Merida (Muuuchies) 
examined by Bou.ssingaiilb and determined hy Codazzi trigimometri- 
cally at 15,009 feet; and the four Paramosde Tunotes, Niquitao, Bocond, 
and de las Rosas, full of tlie most beautiful Alpnnj plants, (See 
Codazzi, llesiimcu (Ic la iicotjrufia dc Venezuela, 1841, pp. 12 and 405; 
and also my Aso; Cenlnilty i ui, jip 258—262, with regard to the 
elevation of the perpetual snow in tiiis zone.) The western Cordil¬ 
lera ie entirely waiitiag in volcanic activity, which is peculiar to the 
central Cordillera as far as ihcTolimaaiid I\arauio dcRuiz, which, how¬ 
ever, are separated from the volcano of Puiace by nearly three ilegi'ees 
of latitude. The eastern Cordillera has a smoking lull near its eastern 
declivity, at the origin of the Rio Fragua, to the nortli-oaat of Mocoa 
arid south-east of Timaiia, at a greater distance from the shore of the 
Pacific, than any other still active volcano of the New World. An 
accurate knowledge of the local relations of the volcanoes to the 
arrangement of the mountain chains is of the highest importance for 
the completion of the geology of volcanoes. All the older mai)S, 
with the single exception of that of the high land of Quito, can only lead 
to error. . 
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the valley of Yucay, at an elevation of nearly 12,000 feet 
(lat. 14° 8', long. 71° 20'), south-east from Cuzco, Avhere the 
eastern snowy chain of Apolobamha, Carahaya, and Vilcatioto 
extends from south-east to north-west. This remarkable 
point’® is marked by the ruins of a famous temple of the 
Inca Viracocha. The distance from the sea of this old lava- 

r 

producing volcano is far greater than that of Sangay, which 
also belongs to an eastern Cordillera^ and greater than that 
of Orizaba and Jorullo. 

An interval of 540 miles destitute of volcanoes separates 
the series of volcanoes of Peru and Bolivia from that of Chili. 
This is the distance of the eruption in the desert of Atacama 
from the volcano of Coquimbo, At 2° 34' further to the 
south, as already remarked, the group of volcanoes of Cliili 
attains its greatest elevation in the volcano of Aconcagua 
(23,003 feet), which, according to our present knowledge, is 
^so tlie maximum of all the summits of the new Continent. 
The average height of the Sahama group is 22,008 feet; 
consequently 58G feet higher than Chimborazo. Then follow, 
diminishing rapidly in elevation, Cotopaxi, Arequipa (?), and 
Tolima, between 18,877 and 18,129 feet in height. I give^ 
in api>arently very exact numbers, and without alteration, 
the results of measurements which are unfortunately com¬ 
pounded from barometrical and trigonometrical determi- 
nartions, because in this way the greatest inducement will 
be given to the repetition of the measurements and correc¬ 
tion of the results. In the series of volcanoes of Chili, of 
which I have cited 24, it is unfortunately for the most \:>SLrt 
only the southern and lower ones, from Antuco fS Yantales, 
between the parallels of 37° 20' and 43° 40', that have been 
hypsometrically deteimined. These have the inconsiderable 
elevation of* from six to eight thousand feet. Even in Tierra 
del Fuego itself the summit of the Sarmiento, covered with 
perpetual snow, only rises, according to Fitzroy, to 6,821 
feet, From the volcano of Coquimbo to that of San 
Clemente the distance is 968 miles, 

• 

^ Pentland, in Mrs. Somerville’s Physical Geography fl851), vol. i, 
p. 185. The Peak of Vilcanoto (17,020 feet), situated in lat. 14** 28\ 
forming a portion of the vast mountain group of that nam.e, closes the 
northern extremity of the plateau, in which the lake of Titlcaqa, a 
small inland sea of 88 miles in length, is situated* / 
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With regard to the activity of the volcanoes of Ch.li, we 
have the important testimony of Charles Darwin,®® who 
refers very decidedly to Osorno, Corcovado, and Aconcagua 
as being ignited; the evidence of Meyeii, Pdppig, an<l 
Gay, who ascended Maipu, Antuco and Peteroa; and that 
of Domeyko, the astronomer Gilliss, and Major Philippi. 
The number of active craters may be fixed at thirteen, only ' 
five fewer than in the group of Central America 

From the five groups of serial volcanoes of the Kew Con¬ 
tinent, which we have been able to describe from asti'ouo- 
nomical local determinations, and for the most part alsohyp^ 
sometrically as to jjosition and elevation, let us now turn to 
the Old Continent, in which, in complete opposition to tho 
New World, the greater jiart of the a])proximated volcanoes 
belong not to the mainland but to tlie islands. Most of the 
European volcanoes are situated in the Mediterranean Sea, 
and indeed (if we include the great and rejjeatcdly active 
crater between Thera, Therasia, and A.sprouisi), in the Tyr¬ 
rhenian and vEgtean pai’ts; in Asia the most mighty vol¬ 
canoes are situated to the south and east of the continent 
on the large and small Suuda Islands, the Moluccas, and 
the Philippines, in Jajjan, and the Archipelagoes of the 
Kurile and Aleutian Islands. 

In no other region of the earth’s surface do such frequent 
and such fresh traces of the active communication between 
the interior and exterior of our planet show themselves, a.s 
upon the nan’ow space of scarcely 12,800 geographical (16,928 
h^glish) square miles between the parallels of 10° south and 
14° north latitude, and between the meridians of the southern 
point of Malacca and the western point of the Papuan penin¬ 
sula of New Guinea. Tlic area of this volcanic island-world 
.scarcely equals that of Switzerland, and is wa.shcd by the 
seas of Sunda, Banda, Solo, and Mindoro. The single island 
of Java contains a greater number of active volcanoes than 
the entire southern half of America, although this island 
is only 544 miles in length, that is, only one-seventh of tho 
length of South America. A new but long-expected light 
has recently been diffused over the geognostic nature of Ji.va 
(after previous very imperfect but meritorious works by 

See Darwin, Journal of Reseat ches in Natural Uislory and Gcolcgtf 
during tlte Voyage of the Beagle, 18415, pp. 275, 291, and 310. 
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Horsfield, Sir Thomas Stamford Raffles and Reinwardt), by 
a learned, bold, and untiringly active naturalist, Franz 
JUnghuhn. After a I'esidenee of nioro than twelve years he 
has given the entire natural history of the country in an 
instructive work, Java, i/s form, vegetable covering, and 
infernal structure. More than 4()0 elevations are carefully 
determined barometrically; the volcanic cones and bell-shaj)ed 
mountains, 45 in number, are i*e|trcsciited in profile, and all 
but three®' of them were ascended by Juiigliuhn. More than 
half (at least 28) were found to be still burning and active j 
their remarkable and various ju'ofiles ai'e described with 
extraordinary clearness, and even the attainablt; history of 
their eruptions is inve.^tigated. No less important iliau the 
volcanic phenomena of Java arc its scdimeiitaiy formations 
of the Tei'tiary period, which were entirely u}iknown to us 
before the ap})earaijco of the coini>lcte work just mentioned, 
although they cover three fifths of the entire area of the 
islaiul, especially in the soutlieru })arts. In many districts 
of Java there occur, as the remains of former widely-spread 
forests, fragments, from three to Si^ven feiii in length, of sili- 
cified tininks of trees, which all belong to the Dicotyledons. 
.For a country in which at present an abundance of palms 
and tree ferns grows, this is the more rcanarkable, because 
in the Miocene tertiary rucks of the brown-coal formation 

|k 

of Europe, where arburcsceut Monocotyledons no longer 
thrive, fossil palms are not unfrerpiontly met wiih.®^ IJy 
a diligent collection of tlio imjuvssions of leaves and fos¬ 
silized woods, Juiigbuhn has been enabled to giv^^ us, as 
the first example of the fossil Flora of a purely tropical 
region, the ancient Flora of Java, ingeniously elaborated by 
Goppeid/ fro)n his collection. 

As regards tlio elevation to wliicli they attain, the vol¬ 
canoes of Java are far inferior to tliose of Ll^c ^l-ree groups 

81 Junghuhn, Java, Bd. h s- 79. 

^ Op. cit. Bd. iiu s. niid Ooppoi’t, Die Tntimjlova ctuf dei' hnd 
Java nach den Etddcclcnwjcn von Fr. Jnnfjhu/ni (1854:), h. 17. The 
absence of Monocotylfiloiib is, liowcYcr, peculiar to the silicificd trunks 
of trees lying scattered upon the surf.ico, and especially in tha 
rivulets of the disti’ict of Bantam; in the subterranean caibonaceous 
fitraca, on the contrarT% there are remains of palm-wood, belonging 
to two geucia {FlabtUcrta and Amesmteuron). Sec Gupjjei'i, b. 31 
and 35. 


t 
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of Chili, Bolivia, and Peru, and even to those of the two 
groups of Quito with New Granada, and of Tropical Mexico. 
The maxima attained by these American groups are :—For 
Chili, Bolivia, and Quito, 21,000 to 23,000 feet, and for 
Mexico, 18,000 feet. Tliis is nearly ten thousand feet 
(aVtnit the height of Etna), more than the greatest elevation 
,of the volcanoes of Sumatra and Java. On the latter island 
the highest still burning colossus is the Gunung Semcru, 
the culminating point of tlie entire Javanese scries of vol- 
,canoes. Junghuhn ascended this in SoptcmbcJ', 1844-; the 
average of his barometric ineasurcmoTits gave 12,233 feet 
above the surface of the sea, and consequently 1748 feet 
.more than the summit of Etna. At night tlio centigrade 
thermometer fell below G^2 (43'’.2 Falir.). The old Sanscrit 
name of Gunung Semeru was Mahd~I\Leriv (the groat Meru); 
a reminiscence of the time wlicn the Malays received Indian 
civilisation,—a reminiscenoo of the Mountain of the World 
ill the north, which, according to tlie Mahabharata, is the 
dwelling'])lace of Bralima, Vishnu, and the seven Devarsclii.®* 
It is remarkable that, as the natives of the plateau of Quito 
had guessed, before any measurement, that Chimborazo sur¬ 
passed all the other snowy mountains in the country, the 
Javanese also knew that the Holy Mountain Maha-Meru, 
which is but at a short distance from the Gunung Ardjuno 
(11,031 feet) exhibited the maximum of elevation upon tho 
island, and yet, in tliis case, in a country free from snow, tho 
greater distance of the summit from the level of the lower 
•limit of perpetual snow could no more serve as a guide to 
the judgment than the height of an occasional temporary fall 
of snuw.^- 

Tho elevation of tho Gunung Semcru, which exceeds 
11,000 (Jl,72G English) feet, is most closely approached 
by four otlier mountains, wliicli were found hypsometrictdly 
to bo betwetn t<n and eleven tliousand feet. These 
are: Gunung"*^ Slamat, or mountain of Tegal (11,IK' 

Upon the Rignificribiciu of tlic word and the conjecturt*ii 

which Jjiirrjouf coiumuniciited to me regarding its connection with 
mtra (a Sunscrit word for am), sue iny Aaie Ccnlrale, t, i, pp. 114—116', 
and Lasaen^a Indischc Cd. i, s. S47. Tho latter ia 

inclined to regard tho names as not of Sanscrit origin. 

See page 240. 

^ Gunuwj is the Javanese word for mountain, in Malayan, g^nong^ 
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feet), Qunung Ardjtino (11,031 feet), Giinviiig Sumbing 
(11,029 feet), and Gunung Lawn (10,726 feet). Seven 
other volcanoes of Java attain a height of nine or ten 
thousand feet; a result which is of the more importance as 
no summit of the island was formerly supposed to rise higher 
than six thousand feet.^® Of the five groups of North tnd 
South American volcanoes, that of Guatemala (Central 
America) is the only one exceeded in mean elevation by 
the Javanese group. Although in the vicinity of Old 
Guatemala the Volcan del h'uego attains a height of 13,109 
feet (accortling to the calculation and reduction of 
Poggendorff), and therefore 874 feet more than Gunung 
Scmeru, the remainder of the Central American scries of 
volcanoes only varies between live and seven thousand feet, 
and not as in Java between seven and ten thousand feet. 
The highest volcano of Asia is not, however, to' be sought 
in the Asiatic Islands (the Archipelago of the Sunda 
Islands), but upon the continent; for upon the peninsula 
of Kamtschatka the volcano Kljutschewsk rises to 15,7 63 
feet, or nearly to the height of the Kucu-Pichincha, in the 
Cordilleras of Quito. 

which singularly enough is not further disseminated over the enormous 
<lumaiii of the Malayan language; see the comparative table of words in 
my brother’s work ii])ou the Kawi language, vol, ii, s. 249, No. 62. A» 
it is the custom to place this word yiuiung before the names of luouu" 
tains in Java, it is usually indicated in the text by a simple G, 

Leojjold de Buch, Description Physique dcs Iks Canaries, 1836, 
p. 419. Not only has Java (Juughuhn, Th. i. s. 61, and Th. ii. s. 647) 
u colossal mo\nitain, the Scmeru of 12,233 feet, which consequently 
exceeds the Peak of Teneriffe a littlo in height, but an elevation of 
12,256 feet is also attributed to the Peak of Indrapura, in Sumatra, 
which is also still active, but does not appear to have been .so accu¬ 
rately measured (Th. i, s. 78, and profile Map No. 1). The next to 
this in Sumatra, are the dome of Telainan, which is only one of the 
.summits of Ophir (not 13,834, but only 9603 feet in height), and the 
Merapi (according to Dr. Horner, 9571 feet) the most active of tho 
, thirteen volcanoes of Sumatra, which, however, (Th. ii. s.. 294, and 
Junghnhns Pattuliinder, 1847, Th. i, s. 25) is not to be confounded, 
from the similarity of the names, with two volcanoes of Java, -the 
celebrated Merapi, near Jogj.ikcrta (9208 feet), and the Merapi, which' 
forms the eastern portion of the summit of the volcano Idjen (8595 
feet). In the Merapi, it is thought that the holy name Idem is ngam 
to bo detected, combined with the Malayan and Javanese word apt, 
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The principal axis” of the closely approximated series of 
the Javanese volcanoes (more than 45 in number) has a 
direction W.N.W —E.S.E. (exactly W. 12° N.), and there¬ 
fore principally parallel to the series of volcanoes of the 
eagiern part of Sumatra, but not to the longitudinal axis of 
the island of Java. This general direction of the chain of 
volcanoes by no means excludes the phenomenon to which 
attention has very recently been directed in the great chain 
of the Himalaya, that three or four individual high summits 
arc so ai’ranged together, that the small axes of these partial 
scries form an obliqiie angle with the primary axis of the 
chain. This phenomenon of fissure, which has been observed 
and ]iartially described’'® by Hodgson, Joseph Hooker, and 
Strachey, is of great interest. The small axes of the subsi¬ 
diary fissures meet the great axis, sometimes almost at a 
right angle, and even in volcanic chains, the actual maxima 
of elevation are often situated at some distance from the 
major axis. As in most linear volcanoes, no definite pro¬ 
portion is observed in Java, between the elevation and the 
size of the crater at the summit. The two largest craters 
are those of Gunung Tengger and Gunung Raon. The former 
of these is a moimtain of the third class, only 8704 feet in 
height. Its circular crater is, however, more than 21,315feet, 
and therefore nearly four geographical miles in diameter. 
The fl it bottom of the crater is a sea of sand, the surface of 
which lies 1865 feet below the highest point of the surrounding 
wall, and in which scoriaceous lava-masses project here and 
there from the layer of pounded rapilli. Even the enormous 
crater of Kirauea, in Owhyhee, which is filled with glowing 
lava, does not, according to the accurate trigonometrical 
survey of Captain Wilkes, and the excellent observations 
of Dana, attain the size of that of Gunung Tengger. In the 
middle of the crater of the latter there rise four small cones 
of eruption, actual circumvallated funnel-shaped chasms, of 
which only one, Broino (the mythical name Brahma, a word 
which has the signification of Jire, in the Kawi although 

” Junghuhn, Java, Bd. i. a. 80. 

See Joseph Hooker, hhetch-Ma^ of Sikhim, 1850, and in his 
Hivnalayan Journals, vol. i, 1854, Map of part of Bengal; and also 
Strachey, Map of West-Nari, in his Physical Geography of Western 
Tibet, lUZ. 
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not in the Sanscrit), is now not active. Bronio presents the 
remarkable phenomenon that from 183S to 1842 a lake was 
formed in its funnel, of which Jutighuhn has proved that 
it owes its origin to the influx of atmospheric waters, which 
have been heated and acidulated hy the simultaneous p^e- 
tration of sulphurous vapours.^® Next to Gunung Tenggor, 
Gunung Raon has the largest crater, but the diameter of 
this is ahont one-half less. The view into the interior is 
awe-inspiring. It appears to extend to a depth of more 
than 2308 feet; and yet the remarkable volcano, 10,178 feet 
in height, which Juughulm has asocndetl and so oarclully 
described;®® is not even named on the meritorious map of 
Raffles. 


Like almost all linear volcanoes, the volcanoes of Java 
exhibit the imjiortaut phenomenon, that a simultaneity of 
great eruptions is observed much more rarely iu iicaily ap¬ 
proximated cones, than in tlioso wliich arc widely separated* 
When, in the night of the llfch and 12th of Augtr^t, 1772, 
the volcano Gunung Pc])andajaii (7034 feet) burst forth tlie 
most destructive eruption th:it has taken jdace upon the 
island within historical periods, two other volcanoes, the 
Gunung Tjerimoi and Gunung Slamat, became ignited on the 
same night, although they lie in a straight line at a distance 
of } 84 and 352 miles from Popiuidajnu.®^ Even if tlie vol¬ 
canos of a series all stand over one focus, the not ol‘ fissures 
through which they communicate is, ncvcrtlicless, certainly 
so constituted that the obstruction of old vapour-channels, 


Junghuhn, Java, Bel. ii, fig. ix. s. 572, 500, and COl—W)4. From 
1829 to 1848, the small crater of eruption of the Bromo had eiglit fiery 
eruptions. The crater-lakc, which had disappeared iu 1812, had been 
agftin fonned in 1843, but acicording to the observations of B. vatt 
Herwerden, tlic pre.senco of the water in the olmBm of the cauldron 
had no ofFcct iu j^reventiug the eruption of red-hot, widely-scattored 
scorisB. 

«> Junghuhn, Bd. ii. s. 624—G41. 

** The G. Pepaudajan was ascended in 1819 by Reinwardt, and in 
1887 by Junghuhn. Tlie lattei\ who has accurately invostignted the 
vicinity of the mountain, consisting of detritus intermingled with 
numerous angular, erupted blocks of lava, and compared it with tho 
earliest reports, regards the stixtemont, which has been disseuiinated 
by so many valuable works, that a portion of tho mountain and an 
area-of several square miles sank during the eruption of 1772, aa 
greatly exaggerated (Junghuhn, Bd. ii. s, 98 and 100), 
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or the temporary open-’ng of new ones, in the course of 
ages, render simultaneous eruption at very distant points 
quite conceivable. I may again advert to the sudden dis¬ 
appearance of the column of smoke which ascended from 
tlie volcano of Pasto, when, on the morning of the 4th of 
Februaiy, 1797, the fearful earthquake of JEliobamba con¬ 
vulsed the plateau of Quito between Tunguragua and Coto- 
pax i ® 

To the volcanoes of the island of Java generally, a cha¬ 
racter of ribbed formation is ascribed, to wdiich I have seen 


nothing similar in the Canary Tslr.nds, in Mexico, or in the 
Cordilleras of Quito. The most recent ti-avellcr, to whom 
we are indebted for siich admirable observations ui)on the 
structure of the volcaTioes, the geography of jilants, and the 
psychrometric conditions of moisture, has described the 
phenomenon to which I here allude Avith such decided clear¬ 
ness that I must not omit to call attention to this regularity 
of form, in ordi'v to furnish an iuduccTncnt to new investi¬ 
gations. “Although,” says Junghuhn, “the surface of a vol¬ 
cano 10,974 foot in height, the Gunung Sumbing, when seeu 
from some distance, appe ’.I’s as an uninterruptedly smooth and 
sloping face of the conical mountain, still, on a closer examina¬ 


tion, wo find that it consists entirely of separate longitudinal 
ridges or ribs, which gradually subdivide and become broader 
as they advance downward.s They run from the summit of 
the volcano, or more frequent'y from an elevation several 
hundred feet below the summit, down to the foot of the 


mountahi, diverging like the ribs of an umbrella.” These 
rib-like longitudinal ridges have sometimes a tortuous course 
for a short dist uioe, but are all formed by approximated 
clefts'of three or four hundred feet in depth, all directed in 
the .same way, and b(icoming broader as they descend. They 
are furrows of the surface “ which occur on the lateral slojies 
of all the volcanoes of the i.dcnd of Java, but differ consi- • 
dcrably from each other uj>on the various conical mountains, 
in their average depth and the distance of their upper 
origin from the margin of the crater or from .an unopened 
summit. The Gunung Sumbing (11,029 feet) is one of those 
volcanoes which exhibit the finest and most regularly formed 
Coanioi, vol. v, p. 183, and Voyage aux Regions Equinox, t. ii. 
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ribs, as the mountain is bare of forest trees and clothed with 
grass.” According to the measurements given by Jung- 
huhn,” the number of ribs increases by division in propor¬ 
tion as the declivity decreases. Above the zone of 9000 feet 
there are, on Gunung Sumbing, only about 10 such ribs ; at 
an elevation of 8,500 feet there are 32; at 5500 feet, 72; and 
at 3,000 feet, more than 95. The angle of inclination at the 
same time diminishes from to 25° and 10^°. The ribs 
arc almost equally regular on the volcano Gunung Tengger 
(8702 feet), whilst on the Gunung Ringgit they have been 
disturbed and cover'd** by the destructive eruptions which 
followed the year 158G. “The production of these peculiar 
longitudinal ribs and the mouniain fissures lying between 
them, of which drawings are given, is ascribed to erosion 
by streams.” 

It is certain thac the mass of meteoric water in this tro¬ 
pical region is three or four times greater than in the tem¬ 
perate zone, indeed the showers are often like waterspouts, 
for although, on the whole, the moisture diminishes with the 
elevation of the strata of air, the great mouniain cones exert 
on the other hand a peculiar attraction upon the clouds, 
and, as I have already remarked, in other places, volcanic 
eru])iions are in their nature productive of storms^ The 
clefts and valleys (Sarrancos), in the volcanoes of the Canary 
Islands, and in the Cordilleras of South America, which have 
become of importance to the traveller from the frequent 
descriptions given by Leopold von Buch** and myself, because 
they open up to him the interior of the mountain, and some¬ 
times even conduct him up to the vicinity of liho highest 
summits, and to the circumvallation of a crater of elevation, 
exhibit analogous phenomena; but although these also at 
times cany off the accumulated meteoric waters, the Original 
fonnutiou of the harrancos^^ upon the slopes of the volcanoes 

Junghubu, B(l. ii. 8. 241—246. 

^ Op, fit sup. 8. 566, 690 and 607—609. 

** Leopold von Buch, Pht/s, Beschr, der Canarischen /nwZn, 8. 206, 
218, 248, and 289. 

Barranca and Barranca, both of the same meaning, and suffi¬ 
ciently in use in Spanish America, certainly indicate properly a water- 
furrow or water-cleft: la quiebra que bacen en la tieria las corrientetf 
deloB oguas;—“una torrente que hace barrancas;'* but they also indi- 
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ig probably not to be ascribed to these Fissures, caused 
folding; m the tiachylic mass, which has been elevated 
whilst soft and only subsequently haidencd, have piobably 
preceded all actions of erosion and the impulse of watoi. 
Butin those places wheio deep lairancos appealed m tho 
volcanic districts visited by me on the declivities of bell* 
shaped or conicil niouuiains (^eri lasfalJa^ de los Cciros bar- 
rancosos), no tiacc was to be det cted ot the legulaiity, or 
radiate lamification with which we are made acquainted by 
Jimghuhn^s woiks iii the sni^ulai outlines ot the volcanoes 
ot Java®^ The gicxtcst anilogy with the foim heie re- 
teiii^d to is pics^uted by the i>hcuomenon to which Leopold 
von Buch, and the icutc oL tivci of volcanoes, Poulet 
Sciopc, hue ilicidy diicctcd attention, nxmely, that great 
h&suics xlmost ilwiys open it i ii^ht oi obtuse angle from 
the centic oi tin inointuii i idiitnig (ilthoudi undivided), 
in iccoidxnce with tlu noijiul ducction of the declivities, 
hut not ti iisvci cly to them 

The bclat in t\w c Jinpldc ^hsciicc of livi stieams upon 
the isl lud ol Javi to Avhich Leopold von Buch appeared to 

cate Tny chastn But th it the w or 1 hai ? anc t is connected with &a)) 

(In R ft in i:>t loxin and il o loal sci ipings as d ubttal 

Lycll ^luvuii Of ifctneiiaiy Ot (iffy chap xxix, p 497* 

Tho most lemukallc 'inilogy with the phcnnninniof regular nb 
biiiir in laiT., 1 prestuted ly the suil'icc of the Mintl ot the Sommv 
ofVcsuviuH ii[ on the Sif^lds o+ which an \ itc ind aociiiate 
ebseriei the istionomci Tuhns S hmi It, lias tlnown imuh light (7)ie 
Impiion (/is leswis ‘im Mai^ 3SjO, h 101—10)) Accoiding to 
Leopold von Biidi, these valley fnirows ue mfc (iigin illv ram fur- 
lows (hnmai*) but couscqueuecs of ti leking (fduing ttod men*) dm 
lug the fiist upheaval of the volcxno Iho usiill} ladiil position 
of the litexil eiujtions in i elation to tho axis of the volcano, also 
appears to bo connected theiewith (r 1 29) 

^ ** Obsidian and consequently pumice atones, are as rare in Jai a. 
as trachj te itself Another vcryfuiious ficfc is the ib nee of any 
siipain of livi in that volv-uiic islmd M Bcinw u Jt, who has him 
self observed a gicat umnbti ot cuiptioiis, siys evpiessly tint 
thcie hiveuevci been instances ot the moat viokntaiid destructive 
uuptiou having been iccompamed by la\as I Copold de Buch, 
JDe^cr des lies Camutc'^, ]» 419 Amongst tlie volcanic locks of Java, 
foi which the Cabinet ol Mine ala at Lcilm is indebted to Di Jung 
hnhn, diontic ti ichytcs aie most distinctly recognizibh at Burdng- 
Rguug, H 2 )5 of tlu I cidnei catih'gue, at Tjinaa, s 232 and in tho 
Gunung Paiang, situited m the district Bitu gangi Ibis is conse* 

VOIi v. X 
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incline in consequence of tlic observations of Reinwardt, has 
been rendered more than doubtful by recent observations. 

.Junghubu, indeed, remarks “that the vast volcano Gunung 
Mempj l)as not ])ouivd forth cohereutj compact lava-streams 
within the histux'ical period of its eruptions, but has only 
thro>Mi out Iragmeiits of luA'a (rubbish), or incoherent blocks 
of stone, although for iiiuo months, in the year 1837, tiery 
strejms were seen at night running down the cone of 
eruption.” .But the same observant traveller lias distinctly 


quently the identical formation of dlorUic tiachyto of the volcanoes 
of Orii^aba and Toluca in 'Mexico, of the island Paiiaria in the Lipari 
Islai'ds, and of in the .^^gcan Sea ^ 

Jnnghuhii, Bd. li. b. 309 aiul 314. Tho fiery streaks which were 
Been on the volcano Ch Merapi, were formed by closely approximated 
streams of scuriie {inthires de frufjmnts), by iioii-cuherciii masses, 
which roll down during the criqitiou tow.irJs the sjiiiie side, and strike 
against each other from their very diileieiifc weights on the steep 
declivity. Jn the erii]>tiou of tlio Q. b.iinongiui on tho ‘26th March, 
1847, a moving line of s orirc of this kiml divided into two branches 
several bundred feet below its jxnnt of origin. “The fiery streak,” 
we find it expieK.'>ly stated (Bd. li. s. 767), “did not consist of true 
fused lava, hut of fragments of lai^a rolling closely after one another.” 
The G. Lainongan ami the G. tSerneru are the two volcanoes of the 
island of Java, which are found to be most similar, by their activity 
in long periods, to the Stromboli, wliu li is only about 2980 feet 
high, as they, althongli so I'emaikably dilierent iii height (tlic Lamon- 
gan being 5340 and the Heinei i* 12,235 leet high), exhibited eruptions 
of scoriip, the former after pauses of 1.5 to 20 miiiutes (eruptions of 
July, 1833, and March, 1817), and the second of li to 3 hours 
(eruptionb of August, 1836, and 8c[>teinber, 1844,) (Bd. li. s. 654 and 
765—769). At Stroniboli itself, together witli luiinerous eruptions of 
scoria}, small, bub rare clfusions of lava also occur, ^hich, when 
detained by obstacles, sometimeH harden on the declivities of tho 
cone. 1 lay great stress upon tho various forms of continuity or 
division, under which completely or partially fused matters arc thrown 
or poured out, w^hethcr from tho same or different volcanoes. Ana¬ 
logous investigations, tiudcrtakon under various zones, and in accord¬ 
ance with guiding idca^, are greatly to he de-irod, from the poverty 
and great one-sideduoss of the views, to which tho four active Knro- 
pean volcanoes lead. The question raised by me iu 1802 and by toy 
friend BouHsingault in 1831,—whether tho Antisaua in the Cordilleras 
Quito has furnished lava-Btieaina? wliich >ve shall touch upon 
hereafter, may perhajis find its Bolution in the division of tlio fluid 
matter. Tlie c.ssential character of a lava-stream is that of a uniforzQf 
coherent fluid,—a banddike stream, from the surface of which scales 


Beparate during its cooling and liardcning. These scales, beneath 
which the nearly homogeneous lava long coutinues to iloW| upraise 
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descril)ed, in great detail, three black, basaltic Lava-streams 
on three volcanoes :—Gunung Tcngger, Guiiung Idjen, and 
Slamal^^® On the latter the lava-stream, after giving rise to 
a watcr-hill, is continued into the tertiary rocks.^ From such 
truecftusions of lava, which, form coherent masses, Junghuhn 
very accurately distinguishes, in the eruption of Gunung 
Lamongan,® on the 6th July, 1838, what he calls a stone- 
stream, consisting of glowing and usually angular fragments, 
erupted in a row. ‘‘ Tlie crash was lieard of the breaking 
stones, which rolled down, like tiery points, either in a line 
or without any order.” 1 pur[iosely direct especial attention 
to the very various modes iii which liery masses appear on 
the slopes of a volcano, l)ocause in the disjmtc uj)on the 
maximum angle of fill of lava-streams, glowing streams of 
stones (masses of scoria*) following each other in rows, are 
^sometimes confounded with continuous lava-streams. 

As the important problmu of the rarity or complete defici¬ 
ency of lava-streams hi J ava,—a problem which touches on the 

themselves in j)art, obliquely or perpendicularly, by the inequality of 
the internal niov^inont and tlio evolution of hot gases; and when, 
in this way, several lavd’Stroarns, flowing ttigetber, form a lava lake, 
as in Iceland, a Held of detritus or fragments is produced on their 
cooling. The Spaniards, especially in Mexico, cill such a district, 
whicli is very dis.igi'ccable to j>ais over, a nudjjuh. Such lava-fields, 
which are often found in tin: jilain at the foot of a volcano, remind 
one of the frozen surtace of a lake, with short, upraised icc-blocks. 

JtK> name (J. Idjen, according to EiiRchmann, may be explained 
by the Javanese wordsingly, alone, separately;—a derivative 
from the substantive hidji or uddji, giain, seed, which with m ex- 
presses the number one. With rog.u-d to the etymology of G, 
Tenggor, see the important work of rny brother upon the connections 
between Java and Ind'a {Kawl’SpmchCy Bd. i, s. IS8), where there 
is a reference to the historic.al importance of the Tengger Mountain, 
which is inhabited by a small tribe of people, who, opposed to the 
now general Mahomedamsui of the island, have rebiined their ancient 
Indo-Javanic faith. Junghuhn, who has very iudu-atiiously explained 
the names of niountaius from the Knwi language says (Th. ii. s. 554), 
that in the Kawi, Temjfjer signifies hill; the word also receives the 
same signification in Gericke’s Javanese Dictionary (Javaanach’uedet*- 
duitHch Woordenhoclcy Amst., 1847). 81amat, the name of the high 
volcano of Tegal, is the well-known Arabic word sclamat, which eig- 
nifios happiness and safety. 

^ Junghuhn, Bd. ii. Slamat, s. 15J and 163; Idjen, s. 698; Tengger, 

773 

' * Bd. iL B. 760—762. 

X 2 



308 ■ 


COSMOS. 


internal constitution of volcanoes, and, which I must add, has 
not been treated with sufficient earnestness, has recently bfeen. 
so often spoken of. the present appears a fitting place in which 
to bring it under a more general point of view. Although 
it is very probable that, in a group or scries of volcanoes all 
the members stand in a certain common relation to the 
general focus, the molten interior of the earth, still each, 
individual presents peculiar physical and chemical processes 
as regards strength and frequency of activity, degree and _ 
form of fiuidity, and material difference of products,—pecu- , 
liarities whioh cannot be exjdained by the comparison of the 
form, and elevation above the present surface of the sea. 
The gigantic mountain, Sangay, is as uninterruptedly 
active as the lowly Stromboli; of two neighbouring vol¬ 
canoes, one throws out pumice-stone without ob.sidian, the 
other both at once; one furnishes only loose cinders, the 
other lava flowing in narrow streams. These characteristic 
processes, moreover, in many volcanoes appear not to have 
been always the same at various epochs of their activity. 
To neither of the two continents is rarity or total absence of 
lava streams to be peculiarly ascribed. Remarkable distinc¬ 
tions only occur in those groups with regard to which we 
must confine ourselves to (lefinite historical periods near to 
our own times. The non-detection of single lava-streams 
(fepends siraultaneou.sly upon many conditions. Amongst 
these wc may instance the deposition of vast layers of tufa, 
rapilli, and pumice-stone ; the simultaneous and non-simul- 
taneous confluence of sever.d streams, forming widely ex- 
tended lava-field covered with detritus; the circumstance that 
in a wide plain the small conical eruptive-cones, the volcanic/ 
platform, as it were, from which, as at Lanccrotc, the lava ^ 
had flowed forth in streams, have long since been destroyed. 
In the most ancient conditions of our unequally cooling planet, 
in the earliest foldings of its surface, it appears to me very pro- ' 
bable that a frequent viscid outflow of trachytic and doleritic 
rocks, of masses of pumice-stone or perlite, containing obsi¬ 
dian took place from a composite networ*k of fissures, over, 
which no platform has ever been elevated or built up. The " 
problem of such simple effusions from fissures deserves the 
attention of geologists. ' '' 

In the series of Mexican volcanoes, the greatest and, sine? 
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iny Aracrican travels, the most celebrated phenomenon is 
the elevation of the newly produced Jonillo, and its effusion 
of lava. This volcano, the topography of whicli, founded 
on measurements, I was the first to make known®, by its 
jJosition between the two volcanoes of Toluca and Colima, 
and by its eruption on the great fissure of volcanic activity*, 
which extends from tlio Atlantic Ocean to the Pacific, pre¬ 
sents an important goognostic phenomenon, which has con¬ 
sequently been all tht‘ more the subject of dispute. Fol¬ 
lowing the vast lava-stream which the new volcano poured 
out, I succeeded in getting far into the interior of the 
crater, and in establishing instruments there. The eniption 
in a broad and long-i^eaccful plain in the former ])rovincc of 
Micliuacan, in the night from the 28th to the 29th of Sep¬ 
tember, 1759, at a distance of more than 120 miles from 
any other volcano, was preceded for fully two (?) months, 
namely, from the 29th June in the same year, by an unin- 
ternipted subterranean noise. This diftered from the won¬ 
derful hramiJos of Guaiiaxuato, which I have elsewhere 
described® by the circumstance that it was, as is usually 
the case, accomj)anicd by earthquakes, Avliich were not 
felt in tile -mountain city in January, 1784. The erup¬ 
tion of the new volcano, about 3 o’clock in the morning, 
was foretold the day before by a phenomenon which, in 
other eruptions, does not indicate their commencement but 
their conclusion. At the point where the great volcano now 
stands, there was formerly a thick wood of the Guayava 
{Psidiim pyriferum)y so much valued by the natives on ac¬ 
count of its excellent fruit. Labourers from the sugar-cane 
fields (eafiaveralcs) of the Hacienda de San Pedro Jorullo, 
belonging to the rich Don Andres Pimentel, who was then 
living in Mexico, had gone out to collect the fruit of the 
guayava." When they returned to the farm (hacienda) it 
was remarked with astonishment that their large straw hats 
AV'ere covered with volcanic ashes. Fissures had, conse¬ 
quently, already opened in what is now called the Malpais, 
probably at the foot of the liigh basaltic dome el Cxiiclic^ 

^ Atlas G^ographique et Physique, accompanying the Itclation JltJ- 
ioingiief 1814, pL 28 and 29. 

Cosmos, vol, V. pp. 279—280. 

^ Coa7no8, vol. i, p, 205, and vol. v. p. 179- 
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which threw out these a.she5 (rapilli) before any change ’ 
appears to have occurred in the plain. From a letter of 
Father Joaquin de Ansogorri, discovered in the Episcopal 
archives of Valladolid, which was written three weeks after 
the day of the first eruption, it a])])ears evident that Father 
Isidro Molina, sent from the neighbouring Jesuits’ College 
of Patzeuaro to give spiritual comfort to the inhabitants 
of the Playas de Joriillo, who were extremely disquieted by 
the subterranean noi>se and cartlifpiakes,” was tlie first to 
perceive the increasing danger, and thus caused the preser¬ 
vation of the small population. 

In the first liours of the night the black ashes already lay 
a foot deep ; every one fl<'d towards the hill f)f Aguasarco, 
a small Indian village, situated 2100 feet higher than the 
old plain of Jorullo. From this height (so runs the tra¬ 
dition) a largo tract of land was seen in a state of fearful 
fiery eruption, and in the midst of the flames (as those 
who witnessed the ascent of the mountain expressed them¬ 
selves) there appeared, like a black castle (castillo negro), a 
groat, shapeless mass (hulto grande)”. From the small po¬ 
pulation of the district (the cultivation of indigo and cotton 
was then hut very little carried on) even the force of long- 
continued cartlujuakcs cost no human lives, although, as 
I learn from manuscript records houses were over- 

® In my Esmi Politique mr la NovTelle-Esparfne, in the two editions 
of 1811 and 1827 (in the latter, t. ii, ]ip. 105—17.5), T have, as the nature 
of thi.t work ivquired, only given a condensed abstract from my 
journal, without being able to hirnish a topographical pl?fii of the 
vicinity or a chart of the altitudes. From the importance which 
has been assigned to this great phenomenon of the middle of the last 
century, I have thought it necest^ary to couiidete this abstract here. 
I am indebted for pai'ticnlar details relating to the new volcano of 
Jorullo to an official document, written three weeks after the day of 
the first erujition, but only discovered in the year 1830 by a very 
scientific Mexican clergyman, Don Juan Josd Pastor Moi'ales; and 
also to oral communications from my companion, the Biscayan Don 
Ramon Kspolde, who Lnd been able to examine living eye-witnessoa 
of the first eruption. Morales discovered in the Archives of the 
Bishop of Michnacan, a report Addressed on the 19th of October, 1759, 
by Joaquin de Anaogorri, Priest in the Indian village la Guacana, to 
his Bishop. In his instructive work {Aufenthalt undRdaen in Mexicop 
1836) Burkart has also given a shoit extract from it (Bd. i. s. 230), 
At the time of my journey, Don Ramon Espelde was living on the 
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turned by tliem near the copper mines of Inguaran, in the 
small town of Patzcuaro. in Santiago do AriOj and many 


plain of Jomllo, and lias the merit of having first asce^iclcd the 
summit of the volcano. Some years aftciwards he attached himself 
to the expedition made on the 10th Ararcli, 1789, by the Iiitendento 
Corregidor, Don Juan Antonio de Kiaiio To the same expedition 
belonged a well-informed German, Fuuiz Fischer, who had entered the 
Spanish service as a Mining OfUiimbsary. Dy means of the latter the 
name of the Jonillo fiiNl, hi‘4.;wue known in Germany, as he mentioned 
it in ah'tler in the Mirtjfm tliv Bcrfjhttiikunde^ Bd. ii., 

a, 441. But the eiMiplmn of tin* new volcano liad already been re- 
feiTed to in Italy,—in Clavigero’s *S7or/a antica del Mcs'^ico (Ccsena, 
1780, t. 1 , p. 4‘J), and in the poetical work, Ttustivatio of 

Father Raphael Landivar (od. altera, Bologua, 1782, ]>. 17). In his 
valuahlo work, ClaMgero eironeoUKly jdaces the production of the 
volcano, which ho wuitrs Jiinno, in the year 1700, and enlarges the 
description of the eruption by necounts of the shower of ashes, ex¬ 
tending as far as (Jueivtaro, winch had been communicated to him 
in 1700 by Don Jiuui Maiincl de Bustamence, Governor of the Fro- 
vince of Valladolid do MuJinacaii, as an cyc-witncsa of the jiheno- 
meuon. The [»oet Tiaudivar, an eiithnsiastic adherent, ]d\e Ovid, of 
our theory of upheaval, makes 1,Iic (kjossus ri^'C, in ^ uphonioua hexa¬ 
meters. to the full height of J nnlliaiin, and finds the thermal springs 
(after the fashion of the auciOMts) cold hy day and warm at night. 
But I saw tho thennonicter rise to in the water of the llio 

de Cuitimba about noon. 


In 1789, and coiise(pieiitl 3 »' in the same year that tho repoit of the 
Governor Riaho .lud the Mining Coinmis'>ary k'ransc I^'iseher, appealed in 
the Gazeta rh Mejc^ico^ in the 11 fill part of his largo and useful ])lccionarlo 
geotjrdjiro-kisforico de Jan Indian Orridf'ntales 6 Aincriraf in the article 
Xiiruilo, pp. J74—Ii7/i) Antomo de Alcedn gave the interesting infor¬ 
mation that, when the eartlnjuakes commenced (29th Juno, 1759) in 
the Playiis, the western volcano of (Joluna, which was in ern[>tion, 
suddenly became quiet, although it is at a disianoc of 70 leguas” (as 
Alcedo aa\s: according to my map only 112 geog. miles !) from the 
Playas. “ It is thought/’ he adds, *• that the materials in the 
bowels of the earth Lave met with obstacles to thoir following their 
old course ; and as they have foiiml suitable cavities (to the east,” 
they have broken out at Jondlo —para rri'entar en XuruUo).— 
Accurate topograjihical stalements regardmg the neighbourhood of 
the volcano occur also in Jinm Jo.sd Martinez de Lejarza’s geogra¬ 
phical sketch of the ancient I'araskiau country . A udltsls esfadistico 
dc La.provinc'ia de Michiiai'an cri 1822 (Mexico, 1824), pp. 125, 129, 
.130, and 131. The tostirnony of the author, living at Valladolid iir 
the vicinity of Jorullo, that, since my residence in Mexico, no trace 
of an increased activity has shown itself in the mountain was the 
earliest contradiction of tho report of a new eiaiptiou in the year 
1819 (Lyoll, Principles of Geology, 1855, p, 430). As the position of 



312 


COSMOS. 


miles further;, but not beyond San Pedro Cliurumucu. In 
the ILicieiida de Jorullo, diirin % the fyenera.1 nocturnal 
flight, they forgot to remove a denf end dumb negro slave, 
A mulatto had the humanity to vctui'u and save him, 
while the house was stiU standing. It is still narrated 

o 

that he was found kneeling, v/itli a consecrated taper in 

Jorullo in latiturle is not ivitliout importance, I have noticed that 
Lejnrza, who otherwise always follows my astronomical determi¬ 
nations of position, and who gives the longitude of Jorullo exactly 
like myself as 2° 25' west of the meridian of Mexico (101® 29' west 
of Greenwich), differs from rnc in the latitude. Is the latitude attri¬ 
buted by him to the Jorullo (18® 58' 30''), which comes nearest to 
that of the volcano of Popocatepetl (18® 59' 47"), founded upon re¬ 
cent observations nnkiiowm to nie^ In my Jlerueil d'Ohnerv. Ast7'ono^ 
wiqy^Hj voL ii, p. 521, I have said expi'essly, Latitude .s?tppo.scf*, 19® 8', 
deduced from good astronomical observations at Vallatlolid, which 
gave 19® 52' 8", and from the Itinerary direction." I only recognized 
the importance of the latitude of Jorullo, when subsequently I was 
drawing up the great map of ^loxico in tbo capital city and inserting 
the E.—W. scries of volcanoes. 

As in the.se considerations ui)oii the origin of Jorullo, T have repeat¬ 
edly mentioned the traditions which still prevail in the neighbourhood, 

I will conclude this long note by referring to a very popular tradition, 
which I have already touched upon in .mother work {Bssai Polifiqtte 
ifur la NouvHle Pspnynef t. ii, 1827, ]). 172);—“ According to the belief 
of the native,5, theso extraordinary changes which we have juat 
described, arc the work of the monks, the greatest, perha})S, that'they 
have produced in cither htunisflicre. At the Plapas de iu 

the hut that wo occuj»ied, our Indian host told us that, in 1759, the 
Capuchins btdouging to the mission preached at tlie station of San 
Podro, but that, not having been favourably received, they charged 
this beautiful and fcitihi ydain, with tho mo,st horri^e and compli¬ 
cated imprecations, prophesying that first of all the house would bo 
tlevoiircd by flames which would issue from the earth, and that after¬ 
wards the Kurrouuduig air would become cooled to such a degree that 
the noighbouring mountains would remain eteiiially covered with 
»now and icc. The former of these maledictions having liad such fatal 
consequences, the low'ei: clas.s of Indians already sec in the gi'adual 
cooling of the volcano, the pre^^age of a perpetual winter." 

Next to that of tho poet, Father Landivar, the first printed account of 
the catastrophe Avas probably tliat already mentioned in the Gazeta de 
Mexico of the 5th May, 1789 (t. iii, Nurn. 30, pp. 293—297); it bearg 
the modest title, Snpei'fidal y nadafacvMativa Descripevm del estado 
tn q%€ se liallaba el Volcdn de Jorullo La manana del did 10 de Marzo de 
1789, and Avas occasioned by the exjicdition of Riafto, Franz Fischer, 
and Eapelde. Subsequently (1791) in tho naval astronomical expedi¬ 
tion of Malaspina, the hotauisis, Mocirio and Don Martin Sesse, visited - 
Jorullo, from the Pacific coast. 
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his hand, before the picture of Nuestra Senora do Gua¬ 
dalupe. 

According to the tradition, widely p.nd concordantly 
spread amongst the natives, the eruption, during the lirst 
days, consisted of great masses of rock, scorije, sand, and 
ashes, but always combined with an effusion of muddy water. 
In the memorable report, already mentioned, of the lOtli 
of October, 1759, the author of which was a man who, 
possessing an aecixrate knowledge of the locality, describes 
what had only just taken place, it is exj)ressly said : Qup 
espele cd dicho Volcan arena, ceniza y agua. All eye-witnesses 
relate (I translate from the descrij)tion which the Inten- 
• dant. Colonel Riauo, and the German Mining Commissary, 
Franz Fischer, who had passed into the 'Sj^anish service, 
have given of the condition of the volcano of Jorullo on 
the 10th March, 1789), that before the terrible mountain 
made its appearance (antes do reventar y aparocei'se cstc 
terrible Corro), the earthquakes and subterranean noises 
became more frequent; but on the day of the eruption 
itself the flat soil was seen to rise perpendicularly (so ob¬ 
serve, quo el plan de la tierra se levantaba ]»erpendicular- 
mente), and the whole became more or less inflated, so that 
blisters (vexigones) appeared, of which the largest is now 
the volcano (do los que el mayor es hoy el Cerro del Voh 
can). These inflated blisters, of very various sizes, and 
partly of a tolerably regular, conical form, subsequently 
burst (estas ampollas, gruesas vegigas 6 conos diferente- 
mentc regulavcs ea sus liguras y tamanos,revcnt5,ron despucs), 
and threw boiling hot earthy mud from their orifices (tierras 
hervidas y calientes), as well as scoriaceous stony masses (pic- 
dras cocidas ? y fundidas), which are still found, at an 
immense distance, covered with black stony masses.” 

These historical recoixl.s, which we might, indeed, wish to 
aee more complete, agnic perfectly with what I learnt from 
the mouths of the natives 14 years after the ascent of An¬ 
tonio do lliafio. To the questions, whether “the castle 
mountain,” was seen to rise gradually for months or years, 
or whether it appeared from the very first as an elevated 
peak, no answer could he obtained. Riafio’s assertion that 
further eruptions had taken place in the first 16 or 17 
years, and therefore up to 1776, was declared to he untrue. 
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According to the tradition, tlic phenomena of small erup¬ 
tions of water and mud which were obscx'ved duritig the 
first days simultaneously with the incandescent scoi-ite, are 
ascribed to the destruction of two brooks, which, springing . 
on the western declivity of the mmnitaiu of Santa lues, and 
consequently to the east of the Oeri'o dc Cuiche, abundantly 
irrigated the cano-iields of the former Hacienda d('- San 
Petlro de Joriillo, and flowed onwards far to the west to the 


Hacienda de la Prcscntacion. 


Near llu;ir origin, tlic point 


i^ still sliowu where they disapi)er.rcd in a fissure with their 
formci'ly cold watei's, dinaiig the elevation of the eastern 
border of the- Mal})ais. lluauiiig below the lloi'iiitos, they 
reappear, according to the general opinion of the people of. 
the country, heated, in two thermal sijrings. As the ele- 
■vated part of the Malpais is there almost perpendicular, they 
form two small waterfalls, which 1 hav*; seen and i’ 02 )rcscnted 


in my drawing. For 
de San Pedro and Jiio 


each of tiieiu blie ))reviou3 name, flio 
de Cnitimba, has been retained. At 


this point I found the temperature of tlic steaming water to 
be 12G°-8. During their long coxirsc the waters arc only 
heated, but not acidulated.- 'J'he tost pajiers, which I usually 
carried about with me, underwent no change; but further 
on, near the llackaida de la Prcscntacion, towards the 
' Sierra de las Canoas, there flows a spring impregnated with 
sulphuretted hydrogen gas, which forms a basin of 20 feet 
in breadth. 


Iti order to acquire a clear notion of the complicated outline 
and general form of the surface of the ground, ki which such 
remarkable upheavals have taken place, we must distinguish 
hypsometrically and morphologically :—1. The position of 
the volcanic system of Jorullo iu relation to the average level 
of the Mexican plateau ; 2. The convexity of the Malpais, 
which is covered by thousands of hornitos ; 3. Tile fissure 
upon which six large, volcanic, mountain-masses have arisen. 
On the western portion of the Central ('ordillera of Mexico, 
which strikes from S.S.E. to N.N.W., the plain of the 
Playas de Jorullo, at an elevation of only 25/>7 feet above 
the level of the Pacific, forms one of the horizontal moun¬ 


tain terraces, which, everywhere in the Cordilleras, interrupt 
the line of inclination of the declivity, and consequently 
m61*e or less impede the decrease of heat in the superposed; 
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strata of the atmosphere. On dosconcling from the central 
plateau of Mexico (whoso ineaii elevation is 74GO feet), 
to tho corn-fields of Valladolid de Michuacan, to the charm¬ 
ing lake of Patzcuaro, with the inhabited islet Janicho 
and into tho meadows around Santiago de Ario, which 
Bon[>land and I found adorned witli the dahlias which have 
since become so Avell known, wo have not descended more 


than nine hundred or a thousand foot. But in parsing from 
Ario on the steep declivity over Aguasarco into the level of 
the old plain of J orullo, we diminish tlie absolute elevation in 


this short distance by from 3850 to 4250 feet’. Tlie roundish. 


convex part of tlie uidienvcd ji’ain is about 12,790 feet in 
diameter, so that its area is more than seven square miles. 
Tho true volcano of Jorullo and the five other mountains 


whicli rose siinultaneousiy witli it upon the same fissure, are 
so situated that only a small poitlon of the Malpais lies to 
tlie east of them. 'I’owiu’ds (.he west, therefovti, the number 
of hornitos is much lurgtT. and wlien in early morning I 
issued from the Indian huts of the IMayas do Jorullo, or 
asccaided a portion of the (Jen’o del Mirador, I saw the black 
volcano ])rojectinp; very picturesquely above the innumerable 
white columns of smoke of the little ovens” {ho 7 ^?iitos). 
Both tlie houses of bhe Playas and tlie basaltic hill Mira¬ 
dor are situated upon the level of tlio old non-voleanic, or, 
to sp?ak more cautiously, uu-uj)heaved soil. Its beautiful 
vegetation, in which a miiltitiule of salvias bloom beneath 
tho shade of a new species of fan palm {Corypha pnmos)^ 
and of a now alder (^Alniis JovnUansis)^ contrasts with the 
desert, nuked aspot t of the Malpais. Tlie comparison of the 
height of the haromotet® at the point wlicro the upheaval 

" My barometric moaaurements give for Mexico 11G8 toises (7470 
feet), ViiUiidolul lOOii toiae.s (6409 feejt), Patzeuaro 1180 toiaoa (7227 
feet), Ario 994 toises (6358 feet), Agnasarco 780 toises >4 -‘89 feet), for 
the ol(i plain of tlie Playas de Jitrnbo 401 fcoi.ses (2.‘;<S4 fott^ (Humboldt, 
Ohserv. Astron. vol. i, p. 327, Nivellc^iient BavtnnAnque, No. 366—370). 

® If the old plain of tlie Playas be 401 toi-^e-s (2584 feet), I find for 
the maximum of convexity of the ,Malpais above the sca-levcl 487 
toises (3115 feet); for the ridge of the groat lava-stream 600 toisea 
(3838 feet); for the highest margin of the crater 667 toises (4266 feet); 
for the lowest point of the crater at which we could establish the 
barometer 644 toises (4119 feet). Cousequeutly the elevation of tho 
summit of Jorullo above the old plain appeared to be 263 toises or 
1682 foet. 
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commences in the Playas, with that at the point immediately 
at the foot of the volcano, gives 473 feet of relative per¬ 
pendicular elevation. The house that we inhabited stood 
only about 500 toises (3197 feet^ from the border of the 
Malpais. At that })lace there was a small perpendicular pre¬ 
cipice of scarcely 12 feet high, from which the heated water 
of the brook (Rio de San Pedro) falls down. The portion 
of ’the inner structure of the soil which I could examine at 
the precipice, showed black, horizontal, loamy strata, mixed 
witli sand (rapilli). At other points which I did not see, 
Rnrkart has observed ‘‘on the perpendicular boundary of 
the upbeaved soil, where the ascent of this is difficult, a light 
gray and not very dense (weathered) basalt, with numerous 
grains of olivine.”® This accurate and experienced observer 
has, however,^® like myself, on the spot, conceived the idea of 
a vesicular upheaval of the surface effected by elastic va¬ 
pours, in opposition to the opinion of celebrated geogno- 
sists^^ who ascribe the convexity, which I ascertained by 
direct measurement, solely to the greater effusion of lava 
at the foot of the volcano. 

The many thousand small eruptive cones (properly rather 
of a roundish or somewhat elongated, oven-likc form) which 
cover the upheaved surface pretty uniformly, are on the 
avei;age 4 to 9 feet in height. They have risen almost ex- 

® Burkart, Aufenthalt and Rcisoi in Mejrlco in den Ja3irenj 1825— 
1834, Bd. i (183(i), jj. 227. 

Op, dt. sup. Bd. i, pp. 227 and 230. 

Poulett Seropo, Consideraimis on Volcanoes, \\ 267; Sir Charles 
Lyell, Principles of Ueology, 1853, p* 429; Manual of Geology, 1856, 
p. 580; Daubeny on Volcanoes, p. 337. Sco also “ on the elevation 
hypotlicsifl/' Dana, Geology, in the United States Exploring Expedition, 
vol. X, p. 369. Constant Prevost, in the Comptes rendus, t. sli (1855), 
pp. 86G—876, and 918—923 : swr Ics eruptions et le fi7*apeau de Vinfail- 
libilite.” See also, with regard to Jorullo, Carl Pieschel’s instructive 
description of the volcanoes of Mexico, with illustrations by Dr. Gum- 
precht, ill the Zeitschrift fiir Allg. Erdhinde of the Geographical Society 
of Berlin (Bd. vi, s. 490—517); and the newly 7 )ublished picturesque 
views in PiesebeVs Atlas dcr Vulkane der Bepublik Mexico, 1856, 
tab. 13, 14, and 15. The Koyal Museum of Berlin, in the department 
of engt'avings and drawings, possesses'a splendid and numerous col¬ 
lection of rejiresentations of the Mexican volcanoes (more than 40 
alieots), taken from nature by Moritz Rugendas. Of the most western 
of all Mexican volcanoes, that of Colima alone, this great master has 
furnished fifteen coloured views. 
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clusively on the western side of the great volcano, as indeed, 
the eastern pai-t towards the Ccrro de Cuiche, scarcely con¬ 
stitutes a^th of the entire area of the vesicular elevation of 
the Playas. Each of the numerous homitos is composed of^ 
weathered basaltic spheres, witli fragments separated like 
concentric shells j I was frequently able to count from 24 to 
28 such shells. The balls are flattened into a somewhat 
spheroidal form, and are usually 15—18 inches in diameter, 
but vary from 1 to li feet. The black basaltic mass is pene¬ 
trated by hot vapours and broken up into an eaithy form, 
although the nucleus is of greater density, whilst the shells, 
when detaclied, exhibit yellow spots of oxide of iron. Even 
the soft, loamy mass which unites the balls is, singularly 
enough, divided into curved lamella), which wind through 
all the interstices of the balls. At the first "lance I asked 
myself whetlier the whole, iustead of weathered basaltic 
spheroids, containing but little olivine, did not perhaps pre¬ 
sent masses disturbed in the course of their foianation. But 
in opposition to this we have the analogy of the hills of glo¬ 
bular basalt, mixed with layers of clay and marl, which are 
found, often of very small dimensions, in the central chain of 
Bohemia, sometimes isolated and sometimes cvowninct Ion" 

• • . o 

basaltic ridges at both extremities. Some of the homitos 
aro so much broken up, or liavc such large internal cavities, 
that mules when compelled to place their fore-feet u[)on the 
flatter ones, sink in tlccply, whilst in similar ex]icririients 
which I made, the hills coustriieted by the termites, re¬ 
sisted. 

In the basaltic mass of tho homitos T found no iramcr.scd 
scoria), or fragments of old .rocks which had been penetrated, 
as is the case in the lavas of the great Jorullo. The appel¬ 
lation Hornos or lloruitos is especially justified by the cir¬ 
cumstance that in each of them (I .speak of the period when 
I travelled over the Playas do Jorullo and wrote my journal, 
18 September, 1803,) the columns of smoke break out, not 
from the summit, but laterally. In the year 1780, cigars 
might still be lighted when tlaey were fastened to a stick 
and pushed in to a depth of 2 or 3 inches ; in some places 
tho air was at that time so much heated by the vicinity of 
the homitos, that it was necessary to tiu*n away from 
one’s proposed course. ITotwithstanding the refrigeration 
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which, according to the universal testimony of the Indians, 
the district had undergone wtliin 20 years, I found the 
temperature in the fissures of the horuitos to range between 
199“ and 203° ; and at a distance of twenty feet from some, 
hills, the temperature of the air was still 108“'5 and llfi°'2, 
at a point where uo vapours reached lue; the true tem¬ 
perature of the atmosphere, of the Playas being at the same, 
time scarcely 77“. The weak sulphuric vapours decolo¬ 
rized strips of test paper, and rose visibly, for some hours 
after sunrise, to a height of fully GO feet. The view of 
the 'columns of smoke was most remarkable early in a cool 
morning. Towards midday, and even after 11 o’clock, they 
had become veiy low and were visible otdy from their imme¬ 
diate vicinity. In the interior of many of the hornitos we • 
heard a I’ushiug sound like the fall of water. The small ba¬ 
saltic hornitos are, as already remarked, easily destructible. 
When Burkart visited tlie Maljrais, 24 years after me, he 
found that none of the Irornitos were still smoking; their 
temperature being in mo.st ca,sc.s the same as that of the 
surrounding air, while many of them had lost all regularity 
of form by h(!avy rains and meteoric iulluences. Near the 
jirincijral volcano Burkart found small cones, which were 
comjiosed of a brownish-red c(jnglomerate of rounded or 
angular fragments of lava, and only loosely coherent. In 
tfie midst of the upheaveci area, covered with hornitos, there 
is still to he seen a l emnant of the old elevation on which 
the buildings of the farm of Sau I’cdro I’csted. The hill, 
■which I have indicated in my plan, forms a ridge directed 
east and west, and its j^reservation at the foot of the great 
volcano is most astonishing. Only a part of it is covered 
with dense sand (burnt rapilli). Tlie projecting basaltic 
rock, grown over with ancient trunks of Ficus indica and 
Fsidimi^ is, certainly, like that of the Cerro del Mirador 
and the high mountain masses which hoxind the ])laiu to 
the eastward, to be regarded as having existed before the 
cat^trophe. 

It remains for me to describe the vast fissure upon which 
a series of six volcanoes has risen, in the general direction 
from south-south-west to north-north-east. The partial 
direction of the first three, less elevated volcanoes situated 
most southerly is S.W—N.E, j that of the three following 
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near S.—N. The fissure has consequently been curved, 
and has changed its strike throughout its total length 
of 10,871 feet. The direction here indicated of the linear 
but not contiguous mountains is certainly nearly at right 
angles with the line upon which, according to my observation, 
the Mexican volcanoes follow each other from sea to sea. 
But this differonco is the less surprising if we consider that 
a great geognostic phenomenon (the relation of the principal 
masses to each otlicr across a continent) is not to be con- 
formded with the local conditions and direction of a single 
group. The long ridge of the great volcano of Piohincha 
also, is not in the same direction as the series of volcanoes 
of Quito; and in nou-volcanic chains, for example in the 
Himalaya, the culminating points are often situated, as 
I have already pointed out, at a distance from the general 
line of elevation of the chain. They are situated upon par¬ 
tial snowy ridges which even form nearly a right angle with 
this general lino of u])hcaval. 

Of the six volcanic hills which have risen upon the above- 
mentioned fissure, the first three, the more southern ones, 
between which the road to the co])per mines of Inguarau 
passes, appear, in their preseut condition, to be of least im¬ 
portance. They arc no longer ojK-u, and are entirely covered 
with grayish white, volcanic sand, which however does not 
consist of pumice-stone, for T have seen nothing either of 
pumice or obsidian in this region. At Jorullo also, as at 
Vesuvius according to the asseidion of Tjcopold von Buch and 
Monticelli, the last covering-fall of ashes appears to have been 
the white one. The fourth, more northern mountain is the 
large, triU! volcano of Jorullo, the summit of which, not¬ 
withstanding its small elevation (4205 feet above the sea 
level, 1151 feet above the Malpais at the foot of the volcano, 
and 1681 feet above the old soil of the.Playas), I had 
some difficulty in reaching, when I ascended it with Bon- 
pland and Carlos Montufur on the 19 th September, 1803. 
Wo thought we should be most certain of getting into the 
crater, which was still filled with hot sulphurous vapour-s, 
by ascending the steep ridge of the vast lava-stream, which 
burst forth from the veiy summit. The course passed over a 
crisp, sooriaceous, clear-sounding lava, swelled up in a coke¬ 
like, or rather cauliflower-like form. Some parts of it have 
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a metallic lustre : others are basaltic and full of 
nules of oliyine. When we had thus ascended to the Aip^r 
surface of the lava-stream at a pei'pendicular elevatibn of 
711 feet, wc turned to the white ash cone, on which, from 
its great steepness, we could not but fear that during fre¬ 
quent and 1 ‘apid slijDS wc might be seriously wounded by the 
rugged lava. The upper margin of the crater, on the south 
western part of which W'C placed the instruments, forms 
a ring of a few feet in width. We ^arried the barometer 
from the margin into the oval crater of the truncated cone. 
At an open fissure air streams forth of a temperature of 
200°*6. We now stood 149 feet in ])erpendicular height 
below the margin of the crater; and the deepest point of 
the cliasm, the attaiiini('iit of which we were compelled to 
give up on account of t})c dense sulphurous vai)Ours, ap¬ 
peared to be only al)out twice this depth. The gcognostic 
discovery which had the most interest for us, was tlie find¬ 
ing of several white fragmciiis, three or four inches in dia¬ 
meter, of a rock rich in felspar baked into the black basaltic 
lava. I regarded these at first^® as syenite, but from the 

M. Bonpland and myself were particularly astonished at finding, 
encased in the basaltic, litlioid juid scorified lavas of tlio volcano of 
Jorullo, white or greenish white angular fragments of Siienite, com¬ 
posed of a little amphibole and a great quantity of lamellar felspar. 
Where these masses have been split by heat, the felspar has become 
filamentous, so that the margins of the crack are united in some places 
by fibres elongated from the mass. In the Conlilleraa of South 
America, between Popayan and Alm;iguer, at the foot of the Cerro 
BroncoHo, I have found actual fragments of gneiss cricasJB in a trachyte 
abounding in pyroxene. These phenomena prove that the trachytic 
formations have issued from beneath the granitic crust of the globe. 
Analogous phenomena are presented by the trachytes of the Siehenge- 
hirge on the banks of the Rhine, and by the inferior strata of Phono- 
lite {Porphyrschiefer) of the Biliner lutein in Bohemia/’ (Humboldt, 
Essai Giognostique but le Gisement dcs Rochcf^, 1823, pp. 133 and 339* 
Burkart also {Aufevthalt und Reisen in Me.dco, Bd. i, s. 230) detected 
enclosed in the black lava, abounding in olivine, of Jorullo : “Blocks 
of a metamorphosed syenite. Hornblende is rarely to be recognized 
distinctly. The blocks of syenite may certainly furnish an incontro* 
vertible proof, that the scat of the focus of the volcano of Jorullo is 
either in or below tho syenite, which shows itself in considerable 
extent, a few miles (leguas) further south, on the left bank of the Rio 
de laa Balsas, flowing into tho Pacific Ocean/' Dolomicu, and, in 1832* 
the excellent geogiiosist, Friedrich Hofimann, found in Lipari, neat 
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of which (17,084 feeb) was reached by Friedrich Parrot in 
the year 1829, and by Abich and Chodzko in 1845 and 1850, 
forms, like Chimborazo, an un-opened dome. Its vast lava- 
streams have burst forth far below the snow-line, A more 
important character in the formation of Ararat is a lateral 
chasm, the deeply-cut A^alley of Jacob, which may be com¬ 
pared with the Val del Save of Etna, In this, according to 
Abich’s observation, the inner structure of the nucleus of 
the trachytic dome-shaped mountain, first becomes really 
visible, as this nucleus and the upheaval of the whole of 
Ararat arc mnch more ancient than the lava-streams’ 
The Kasljegk and Tscliogem wbicli Jiave broken out upon tlie 
same principal Caucasian mountain I'idge (E.S.E.—W'.N.'W.) 
as the Elburuz (19,7lG feet) are also cones without craters at 
their summits, Avliilst the colossal Elburuz bqars a. crater-lake 
upon its summit. 

As conical and domc-like forms are by fir the most fre¬ 
quent in all regions of the e irtli, the isolated occurrence 
of tlie long ridge of the volcano of Picliinclia, in the group 
of volcanoes of Quito, becomes all tJie more remarkable. I 
have occupied myself long and carefully Avith the study of 
its structure, and, besides its profile view, founded upon 

maximum of its oscillation, presents perpendicular bases of 15,777 feet 
above the surface of the sea, ami of 6‘.19G feet abtwo the platea\i in 
which the cities of Quito, Hambato, and Nuevo Riobambaarc situated; 
bases which, corabiued with v'ory accurate measurements of angles of 
elevation, may bo employed for determining distance in many topogra¬ 
phical labours which are to be rapidly executed. The second of the 
level-lines hero indicated, the horizontal which bound^j tho lower por¬ 
tion of a single occasional snow-fall, is decisive as to the relative height- 
of the mountain domes which do not reach into the region of perpetual 
snow. Of a long chain of such mountains, which have been erroneously 
supposed to ba of equal height, many are below the temporary snow¬ 
line, and thus the snow-fall decides as to the rohitivu height. I have 
heard such considerations as these upon ])crpetual and accidental snow- 
limits from tho nioutlis of rough country people and herdsmen in the 
mountains of Quito, whore the Sierras Nevadas are often close together 
although they are not connected by the same line of perpetual snow. 
Grandeur nature sharpens tho perceptive faculties in particular 
individuals amongst the coloured aborigines, even when they are on 
the lowest steps of civilization, 

^ Abich, Bahtin dc id SocUU de Q^ograpJiie, 4me sdrie, t. i (1S5I), 
p. 517, with a very beautiful representation of the form of the old 
volcano. 
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numerous angular measuremeuta, have also published a topo¬ 
graphical sketch of its transverse valleys.® Pichmeha forms 
a wall of black trachytic rock (composed of augitc aud oligo- 
clase) more than nine miles in length, elevated upon a fissure 
in the most western Cordiller.as, near the South Sea, but 
without the axis of the high mountain ridge coinciding in 
direction with that of the Cordillei-a. Upon the ridge of 
the wall, the three domes, .set up like castles, follow from 
S.W. to N.E. ; Cuntiir-guachaiia, Cuagua-Pichiucha (the 
child of the old volcano) and el Picacho de los Ladrillos. 
The true volcano is called the Father or the Old Man, Bucu- 
Pichincha. It is the only part of the long mountain ridge 
that-reaches into the region of i)eipctual snow, .and thei’e- 
fore rises to an elevation winch exceeds tlie dome of Guagua- 
Pichincha, the child, by .about 190 feet. Thi’ce tower-like 
rocks surround* the oval crater, which lie somewhat to the ' 
south-west, and therefore beyond the axial direction of a 
waU which is on the average 1.9,400 loot in height. In the 
spring of 1802,1 reachetl the eastern rocky tower accomj)anied 
only by the Indian, Felipe Aldas. W(i stood there upon the 
extreme margin of the crater, .about 24.91 feet above the bot¬ 
tom of the ignited chasm. Sebastian Wissc, to whom the phy¬ 
sical sciences are indebted for so many interesting obsoiwations 
during his long residence in Quito, had the coui-age to pass 
several nights, in the year 1845, in a p.art of the crater where 
the thermometer fell towards sunrise to 28°. The crater is 
divided into two poitions by a rocky ridge, covered with 
vitrified scorisc. The eastern portion lie^ more than a 
thousand loot deeper than the western, and is n%w the real 
seat of volcanic activity. Here a cone of eruption rises to 
a height of 266 feet. It is surrounded by more than seventy 
' ignited fumaroles, emitting sulphurous vapours.® From this 
circular eastern crater, the cooler parts of which are now 
covered with tufts of rushy grasses, and a Pourretia with 
Bromelia-like leaves, it is probable that the eruptions of 
fiery scorise, pumice, and a,shes of Rucu-Pichincha took 
place in 1539, 1560, 1566, 1577, 1580, and 1660. The city 

8 Humboldt, 'V^^es de Cordillcres, p. 295, pi. Ixi, and Atlai de la 
Bilat. Hist, du Voyage, pi. 27. 

® Kleinere ^hriften, Bd. i, s. 61, 81, 83, aud 88. 
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of Quito was then frequently enveloped in darkness for days 
together by the falling, dust-like rapilli. 

To the rarer class ol volcanic forms which constitute elon¬ 
gated ridges belong, in the old world, the Galungung, with a 
large erater, in the western part of Java the doloritic mass 
of the Schiwelutsch, in Kamtschatka, a mountain-chain upon 
the ridge of which single domes rise to a height of 10,170 
feet Hecla, seen from the north-west side, in the normal 
direction upon the principal and longitudinal fissure over 
wh ich it has burst forth, as a broad mountain-chain, fur¬ 
nished with various small peaks. Since the last eruptions of 
1845 and 1846, which yielded a lava-strcjim of 8 geographical 
miles in length and in some places more than 2 miles in 
breadth, similar to the stream from Etna in 1669, five caldron¬ 
like craters lie in a row upon the ridge of Hecla. As the 
principal fissure is directed N. 65"’E., the volcano, when seen 
from Selsundsfjall, that is from the south-west side, and 
therefore in transverse section, appear.^ as a pointed conical 
mountain,** 

If the forms of volcanoes arc so I’emarkably different 
(Cotopaxi and Pichincha) without any variation in the 
matters thrown out, and in the chemical pi'occsscs taking place 
in the depths of their interior, the relative position of the 
cones of elevation is sometimes still more singular. Upon, 
the island of Luzon, in the group of the Philippines, the still 
active volcano of Taal, the most destructive eruption of 
which was that of the year 1754, rises in the midst of a 
large lake, inhabited by crocodiles (called the laguna de 
JSombon). The cone, which was ascended in Kotzebue’s 
voyage of discovery, has a crater-lake, from which again a 
cone of eruption, with a second crater, rises.'* This descrip- 

4 

Junghubn, durch Java^ 1845, b. 215, Tafel xx. 

See Adolf jSrman’a Reise um die Erde^ wLich as also very important 
in a geognostic point of view, Bd. iii, s, 271 and 207. 

Sartorius von Waltershauaen, Physi8ch'geograph.uclie &hizse von 
Jala/fidj lSi7, s. 107> and his Oeognostiacker Atlas von Island, 1S53, 
Tafel XV and xvi. 

Otto von Kotzebue, Entdeckungs-Eeise in die Sudsee mid in die 
^erings-Straase, 1815—1818, Bd. iii, a. 68; Reise-Atlaa von C%om, 1820, 
Tafel 5; Vioomte d’Arcbiac, Sistoire des Progria de la Giologk, 1847, 
t. i, p. 544; and Buzeta, Diedonario Oeogr, estad, Iliatortco de las islas 
Filipinaa, t.ii (Madrid, 1851), pp. 43C and 470—471, in which, however,* 

B 2 
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tion reminds one involuntarily of Hanno’s journal of his 
voyage, in which an island is referred to, enclosing a small 
lake, from the centre of which a second island rises. The 
phenomenon is said to occur twice, once in the Gulf of the 
Western Horn, and again in the Bay of the Gorilla Apes, on 
the West African coast.'* Such particular descriptions may 
he believed to rest upon actual observation of nature! 

The smallest and greatest elevation of the points at which 
the volcanic energy of the interior of the earth shows itself 
permanently active at the surface, is a hypsometric considera¬ 
tion possessing that intcrc.■^t for the physical description of 
the earth which belongs to all facts relating to the reaction 
of the fluid interior of the planet upon its surface. Tho 
degree of the upheaving force'® is certainly evidenced in the 
height of volcanic conical mountains, hut an opinion as to 
the influence of comparative elevation upon the frequency 
and violence of eruptions must he given with great caution. 
Individual contrasts of the frequency and strength of similar 
actions in very high or very low volcanoes, cannot be deci¬ 
sive in this case, and our knowledge of the many hundred 
active volcanoes, supposed to exist upon continents and 
islands, is still so exceedmgly impeifect that tho only deci¬ 
sive method, that of aveiage numbers, is as yet misapplied. 
But such average nuxnbers, even if they should furnish the 
definite result at what elevation of the cones a quicker 
return of the eruptions is manifested, would still leave room 
for the doubt that the incalculable contingencies occurring 

thedoublo encircling of a crater in the crater-lake, mentioned alike accu¬ 
rately and circumstantially Ly Delamare, in his letter to Arago (Novem¬ 
ber, 1842, Compics reudm dc CAcad. dcs Sciences, t. xvi, p. 766) is not 
referred to. The great eiaiption ui December, 1754 (a previous and 
more violent one took place on the 24th September, 1716), destroyed 
the old village of Taal, situated on the south-western bank of tho lake, 
• which was subsequently rebuilt at a greater distance from the volcano. 
The small island of tho lake upori which the volcano rises is called hla 
del Volcan. (Buzeta loc. cit.) The absolute elevation of the volcano of 
Taal is scarcely 895 feet. It is, therefore, like Cosima, one of the lowest. 
At tho time of the American expedition of Captain Wilkes (1842) it 
was in full activity. Sec United States Exploriny Expedition, vol. t. 
p. 317. 

Humboldt, Examen Critique de I'Hist, de la, Q6ogr. t. iii, p. 135; 
jHannonis Periplus, in Hudson’s Geogr, Grceci min. t. i, p. 46. 

'® Cosmos, vol. i, p. 227. 
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in the network of fissures, which may be stopped up with 
more or less ease, may act together with the elevation ; that 
is to say, the distance from the volcanic focus. The pheno- 
, menon is consequently an uncertain one, as regards its 
causal connexion. 

Adhering cautiously to matters of fact, where the compli¬ 
cation of the natural phenomena and the deficiency of histo¬ 
rical records as to the number of eruptions in the lapse of 
ages have not yet allowed us to discover laws, I am con¬ 
tented with establishing five gi'oups for the comparative 
hypsometry of volcanoes, in which the classes of elevation are 
characterised by a small but certain number of examples. 
In these five groups I have only referred to conical moun¬ 
tains rising isolated and furnished with still ignited craters, 
and consequently to true and still active volcanoes, not to 
unopened dome-shaped mountains, such as Chimborazo. AU 
cones of eruption wdiich arc dependent upon a neighbouring 
volcano, or which, when at a distance from the latter, as 
upon the island of Lancerote, anrl in the Arso on the 
Epomeus of Ischia, have j)reservcd no permanent comiection 
between the interior of tlie earth and the atmosphere, are 
here excluded. According to the testimony of the most 
zealous observer of the vnlcanicity of Etna, Sartorius von 
Waltershausen, this volcano is siuToundcd by nearly 700 
larger and smaller cones of eruption. As the measured ele¬ 
vations of the summits relate to the level of the sea, the 
present fluid surface of the planet, it is of importance hei'e 
to advert to tjie fact that insular volcanoes,—of which some 
(such as the Javanese volcano Cosima,^" at the entrance of 
the Straits of Tsugar, described by Homer and Tilesius) do 
not project a thousand feet, and others, such as the Peak of 
Tcneri&j” arc more than 12,250 feet above the surface of 

For the position of this volcano, which is only exceeded in small¬ 
ness by the volcano of Tanua, and that of the Mendaua, see tho fine 
map of Japan by F. von Sicbold, 1840. 

I do not mention hei-c, with the Peak of Tenerlffc, amongst the 
insular volcanoes, that of Maiina-Roa, the conical form of which docs 
not agree with its name. In tho language of the Sandwich Islanders, 
mauna signifies mountain, and roa, both long and much. Nor do I 
mention Hawaii, upon the height of which there has so long been a 
dispute, and which has been described as a tmcbytic dome not opened 
•at the summit. The celebrated crater Kirauoah (a lake of molten, 
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the sea,—have msed themselves by volcanic forces above ae 
sea-bottom, which has often been found 20,000 feet, nay, in 
one case, more than 45,838 feet, below the present surface of 
the ocean. To avoid an en'or in the numerical proportions 
it must also bo mentioned that, although distinctions of the 
first and fourth classes,—volcanoes of 1000 and 18,000 feet 
(1066 and 19,188 English feet)—appear very considerable for 
volcanoes on continents, the ratios of these numbers are 
quite changed if (from Mitscherlich’s experiments upon the 
melting point of granite, and the not very probable hypo-^ 
thesis of the uniform increase of heat in proportion to the 
depth in arithmetical progression) we infer the upper limit 
of the fused interior of the earth to be about 121,500 feet 
below the present sea level. Considering the tension of elastic 
vapours, which is vastly iu(a*eased by the stopping of volcanic 
fissures, the diflerences of elevation of the volcanoes hitherto 
measured are certainly not considerable enough to be 
regarded as a hindrance to the elevation of the lava and other 
dense masses to the height of the eratei*. 

JTypsometry of Volcanoes. 

First groupy from 700 to 1000 Paris or 746 to 4264 English 

feet in height. 

The volcano of the Japanese ialanJ (Josima, to the south of Jezo: 
746 feet, according to Horner. 

The volcano of the Liparian island Volcano: 1305 English feet, 
according to F. Hoffmann.^** 

Qanung Api (signifying Fierg Mountain in the Malay laiiguage), the 
volcano of the island of Banda: 1949 feet. 

boiling lava) lies to the eastward, near the foot of the Maiina-Roa, accord¬ 
ing to Wilkes, at an elevation of 3970 feet. See the excellent description 
in Charles Wilkes’ Exploring Exjjcdition, vol iv, pp, 165—196. 

Letter from F. Hoffmann to Leopold von Buch, upon the Qeog- 
nostic Constitution of the Lipari Islands, in Poggend. Anmalen, Bd. xxvi, 
1832, 8. 59. Volcano, 1268 feet, according to the recent measurement 
of C. Sainte-Claire Deville, bad violent eruptions of scoria) and ashes in 
the year 1444, at the end of the 16th century, in 1731, 1739, and 1771. 
Its fumaroles contain ammonia, horato of selenium, sulphuret of 
arsenic, phosphorus, and, according to Bomemann, traces of iodine. 
The last three substances occur here for tho first time amongst vol¬ 
canic products {Comptes rmdua de VAcad. dcs SekneeSy t. xliii, 1856,, 
p. 683). 
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The volcano of Izalco/^ in the state of San Salvador (in Central 
Arnericii) which was first ascended in the year 1770, and which 
is in a state of almost constant eruption: 2132 feet, according 
to Squier. 

Gunung Ringgit^ the lowest volcano of Java: 2345 feet, according to 
Junghuhn.^ 

StromhoU: 2958 feet,'according to F. ITolFmann* 

VemvinSj the Rocca del PalOf on the highest northern margin of the 
crater : the .iverage of rny two barometrical mea'siirements-* of 1805 
and 1822 gives 3997 feet. 

. The volcano of Joridlo, which broke ont in the elevated jilatean of 
Mexico^* on the 29th September, 1759: 4266 feet. 

i 

Second group, from 4000 io 8000 Paris or 42G4 to 8528 

JEnglish feet in height. 

Mont PtU, of Martini(pic ; 4707 feet, according to Dupnget. 

The Soufrilret of Ouadaloui)e: 4vS67 feet, acconlnig to C. Dcville. 

Guinvmy Lamovgav, in tlie most eastern pait of Java: 5341 feet, 
accoxTling to Jnnghubn. 

Gunung Tci^ggcr, which has the largest crater-^ of all the volcanoes of 
Java: height at the cone of eiuption of Bromo, 7547 icet, accord¬ 
ing to Jimghuhn. 

The volcano of Osorna (Chili): 7550 feet, according to Fitzroy. 

The volcano of Pko-^ (Azores): 7614 feet, according to Captain 
Vidal. 

The volcano of the island of Bourbon: 8002 feet, according to 
Berth. 


Squier, in the tenth annual meeting of the American Association, 
Newhaven, 1850. • 

^ See Franz Junghuhn’s exceedingly instructive work, Java, seine 
Gestalt'und PJlanzcndcch\ 1852, BJ, i, s. 99. Ringgit has been nearly 
extinct, since its fearful eruption in the year 1586, which cost the lives 
of many thousand people. 

The summit of Vesuvius is, therefore, only 260 feet higher than 
the Brocken. 

23 Humboldt, Vues dcs CordtUdres, pi. xliii, and Atlas geogr. et 
physique, pi, 29. 

*•* Junghuhn, Op. cit. sup. Bd. i, s. 68 and 98. 

2'! See my Relation llisforlqiie^ t. i, p. 93, especially with regard to 
the distauco at which the summit of the volcano of the island of Pico 
has sometimes been seen. FeiTcr’s old measurement gave 7918 feet, 
and therefore 304 feet more than the certainly more cai’cful survey of 
Captain Vidal in 1843, 
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Third group, from 8000 to 12,000 Paris or 8528 to 12,792 

English feet in height. 

Tlie volcano of Atvatscha (reniusula of Kamtscliatka), not to be con- 
founded-''* with the rather more northern ^trjcloschnaja Soplca, 
which is usually called the volcano of Awatscha by the English 
navigators; i)912 feet, according to Erman. 

Th? volcano of Anhico"^ or Antoio (Chili): 8920 feet, according to 
Eomej’ko. 

The volcano of the island of Fofjtp (Cape Verd Islands): 9154 feet, 
according to Charles Dcville. 

I 

The volcano of Sehiweluf^rK (Kamtschatka): the north-eastern 
Bumniit 10,551 feet, according to ErmanA'^ 

Erman, in his intcrcating geoguo.-tic descriplion of the volcanoes 
of tlie peninsula of Kaintschatka, gives the Awatschinskaja or Gorelaja 
Sopka as 8912 feet, and the Strjeloschnaja ISopka, which is also called 
Korja&kaja Sopka, as 11,822 feet (UeisCy Ikl. iii, s. 494 and 540). See 
with regard to these two volcfinoes, of which the former is the most 
active, Leopold de Biich, l>eBCi\ Physique dcs lies Canaries^ pp. 447 — 
450, Erman’s measurement of the volcano of Awatscha agrees beat 
with the earliest moasurementa of Mongez (8739) during the expedition 
of La Perouse (1787), and with the more recent one of Cajitain Beechy 
(9057 feet), Hofmauii in Kotzebue's voyage, and Lenz in Lutke’s 
voyage, found only 8170 and 821 Infect; see Lutke, Voyaye autour du 
MondCj t, iii, pp, 67—84. The admiral’s measurement of the Strjelo- 
Bchuaja Sopka gave 11,222 feet. 

See Pentland’s table of elevations in Mrs. Rnmervillo’s Physical 
Gcoyraidiy^ vol, ii, p. 452 ; Sir Woodbine Parish, Buenos-Ayre^ and the 
Province of the Rio dc la PlaiUj 1852, p. 343; Poppig, ReUe in Chile und 
/Vm, Bd. i, s. 411—434. 

-7 Is it probable that the Iiright of the summit of this remarkable 
volcano is gradually diminishing ? A barometrical mcasiffement by 
I'aldey, Vidal, and Miulge, in the year 1319, gave 2975 metres or 9760 
feet; whilst a very accuiato and practised observer, Bainte-Claire 
Devillc, who has done such imjiortant service to the geognosy of 
volcanoes, only found 2790 meties or 9154 feet in tlie year 1842 
{Voyage avx lies AyUlUes et d Vile de Pogoy p. 155). Captain King 
had a little while before determined the height of the volcano of 
Fogo to be only 2686 metres or 8813 feet. 

Erman, Rche^ Bd. iii, s. 271, 275, and 297. The volcano Scliiwe- 
lulfich, like Pichincha, has a form which is rare amongst active vol¬ 
canoes, namely, that of a long ridge {clirclci)^ upon which singlo domes 
and crests {gr^nii) rise. Dome-sha]jed and conical mountains are 
always indicated in the volcanic district of the peninsula by the name 
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UtnaP according to Smyth, 10,871 feet. 

Peak of Teneriffe: 12,161 feet, according to Charles Dcville.^o 

Tlie volcano Gunung Scmeriif the highest of all mountains on the 
island of Java: 12,237 feet, according to Junghuhn’s barometrical 
measurement. 

TJio volcano Erehns, lat. 77® 32', the nearest to the south pole 
12,366 feet, according to Sir James Ros.^. 

The volcano in Cappadocia, now ErdscJusch-Daghj south- 

south-east of Kaisarieh: 12,603 feet, according to Peter voa 
Tschichatscheff. 


For an account of the remarkable agreement of the trigonome¬ 
trical with the barometrical measurement of Sir John Herschel, see 
CosmoSj vol. i, p. 6. 

The bavometricyil measurement of Sainte-Claire Deville {Voy. aur. 
Antillc^^ pp. 102—-118), in the year 1842, gave 3706 metres or 12,161 
feet, nearly agreeing with the result (12,184 feet) of Borda’s second 
trigonometrical measurement in the year 1776, which I was enabled to 
piiblish for the first time from the manuscript in the Di5p6t de la 
Marine (Humboldt, Voy. aiix Regions Eqiiinox, t. i, pp. 116 and 275— 
287). Borda's first trigonometrical measurement, undertaken in con¬ 
junction with Pingr5 in the year 1771, gave, instead of 12,184 feet, 
only 11,142 feet. The cause of the error was the false reading of an 
angle (33' instead of 53'), as was told me by Borda himself, to whose 
great i)crsoDal kindness I was indebted for much useful advice before 
my voyage on the Oiinoco. 

I follow Pentland’s Cvstimate of 12,367 feet, especially because 
iu Sir James Ross* Voyage of Discovery in the Antarctic Regions, 
vol. i, p. 216, the height of the volcano, the eruptions uf smoko and 
flame from which were seen even in the day time, is given in round 
numbers at 12,400 feet. 

With regard to Arganis, which Hamilton was the first to ascend and 
measure baromoJrically (at 12,708 feet or 3905 metres), see Peter voa 
Tschichatscheff, Asie Mincure (1853), t. i, pp. 441—449, and 571. In his 
excellent work {Researches in Minor), William Hamilton obtained 
as the mean of one barometrical measurement and several angles of 
elevation 13,000 feet; but if the height of Kaisarieh is 1000 feet less 
than he supposes, it would be only 12,000 feet. See Hamilton, in Trans^ 
Geolog. Society, vol. v, pt. 3,1840, p. 596. Towards the south-east from 
Arg.Tus (Erdschisch Dagh) In the great jilain of Eregli, numerous very 
small couea of eruption rise to the south of tlio village of Knrabunar 
nnd the mountain group Karadscha-Dagh. One of these, furnished 
with a crater, has a singidar shape like that of a ship, running out in 
front like a beak. This crater is situated in a salt lake, on tho road 
from Karabiinar to Eregli, at a distance of fully four miles from the 
former place. The hill bears the same name (Tschichatscheff, t. i, p. 455; 
Willinm Hamilton, Researches in Asia Minor, vol. ii, p. 217). 
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Fourth groupy from 12,000 to 10,000 Paris or 12,792 to 

17,056 English feet in height. 

The volcano of in the liighlands of the Provincla de los 

Pastes: 12,821 feet, according to lioussingault. 

' The volcano of 13,453 feet, according to Bousaingauli. 

The volcano Mauna-Roa.^ 13,761 feet, according to Wilkes. 

The volcano of Ciimhal^^^ in the Provincia de loa Pastoa: 15,621 
feet, according to Eouasingault. 

The volcano Klintschewslc^'^ (Kamtschatka): 15,766 feet, according 
to Ernian. 

The volcano iJwf2i-PicAz.)?c7ia.' 15,926 feet, according to llumboldt’a 
barometrical measurements, 

^ Tlie height here given is properly that of the grass-green monntaia 
lake, Layniia verde^ t)n the margin of which is situated the solfatara 
examined by Bousaiugault (Acosta, Viajcs Cientificos d tonAndtsEcuato* 
rialestf 1819, p. 75). 

Boussingaiilt succeeded in reaching the crater, and determined 
the altitueic barometricaily; it agrees very nearly with that which I 
ma/le known approximately 23 years before, on my journey from 
Popayan to Quito. 

^ The altitude of few volcanoes has been so over-estimated as that 
of the Colossus of the Sandwich Islands. Wo ace it gradually fall from 
18,410 feet (the estimate given in Cook's third voyage), ]6,486feetin 
King's, and 16,611 feet in ilarchaud’s measurement, to 13,761 feet by 
Captain Wilkes, and 13,524 feet by Horner in Kotzebue's voyage. 
The grounds of the last-mentioned result were first made known by 
Leopold von Buch in the l>escription Physique des lies Cawries^ p. 379. 
See Wilkes, Ej'plorlvy ErreAlltiony vol. iv, pp. Ill—162. The eastern 
margin of the crater is only 13,442 feet. The assumption of a greater 
height, considering the asserted freedom from snow of‘the Mauna-Roa- 
(lat, 19’’ 28'; would also he in contradiction to the result thaf according 
to my measurements in the Mexican continent in the same latitmle, the 
«limit of perpetual snow has been found at 14,775 feet (Humboldt, 
Voyage aux Regions Equinox, t. i, p, 97; Asie Centrale, t. iii, p. 269 and 
859). 

3® The volcano rises to the west of the villngc of Cumbal, which is 
itself situated 10,565 feet above the soa-level (Acosta, p. 76), 

37 I-give the result of Erman's repeated measurements in September, 
1829. The height of the margin of the crater is exposed to alterations 
by frequent erui>tionfs for in August, 1828, moasurementa which might 
inspire equal confidence gave an altitude of 16,033 feet. Compare 
Erman’a PhysHcatuche Bcobachtungm auf einer Rcise urn die Erde^ Bd. i, 
8. 400 and 419, with the historical accoimt of the journey, Bd. iii, 
8. 358—360, 
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The volcano TungwrcJina: 16,494 feet, according to a trigonometrical 
measurement^ by Humboldt, 

The volcano of Purace^^'^ near Popayan: 17,010 feet, according to 
Jos<5 Caldas. 

Fifth group, from 10,000 to more than 20,000 Faris or from 
17,050 to 21,320 English feet in height. 

The volcano Sangay, to the south-west of Quito: 17,123 feet, ac- 
coixliiig to Rouguer and La Condamine.'*^ 

Tlie volcano Popocatepetl.^^ 17,729 feet, according to a trigonometric 
cal measurement by Humboldt. 

The volcano of Orlzaha.^^ 17,783 feet, according to Ferrer. 

Bouguer and La Condatniiie, in the inscription at Quito, give 
16,777 feet for Tunguriihua bcfoie the great eruption of 1772, and the- 
cai-thquakc of Hiobauiba (1797), which gave rise to great depressions of 
mountains. In the yenr 1802 I found the summit of tlic volcano trigo¬ 
nometrically to bo only 16,494 feet. 

The barometrical ineasurcmeut of the highest peak of the Volcan' 
do Puracd by Francisco Jusc Caldas, Avho, like my dear friend and 
travelling companion, Carlos Moritufar, fell a sacrifice to his love for 
the independenco and fieedom of his country, is given by Acosta 
{Viajes Oicntijicos, p. 70) at 51^4 metres (17,010 feet), I found the 
height of the small crater, which emits sulphureous vapours with a. 
violent noise (Azufral tlcl Botpieron) t\» be 14,427 feet; Humboldt, 
Pectceil eVObserv. Astronomiques tt d'Operations Trigonometriques^ voL i, 
p.304. 

^ The Sangay is extremely remarkable from its uninterrupted activity 
and its position, being removed somewhat to the eastward from tho. 
eastern Cordillera of Quito, to the south of the Rio Pastaza, and at a> 
distance of 120 miles from the nearest coast of the Pacific,—a position' 
which (like that of the volcanoes of the Celestial mountains in Asia)' 
by no means supports the theoiy according to which the eastern Cor¬ 
dilleras of Chili are free from volcanic eruptions on account of their 
distance from the sea. The talented Darwin has nob omitted referring^ 
in detail to this old and widely diffused volcanic littoral theory in the 
Geological Observations on South America, 1846, p. 185. 

I measured Popocatepetl, which is jiIso called the Volcan 
Grande de Mexico, in the plain of Tetimba, near the Indian village San 
Nicolas de los Ranchos. It seems to me to be still xmeertain which of 
the two volcanoes, Popocatepetl or the peak of Orizaba, is the highest 
(see Humboldt, Beceuil d'Ohserv, Astron., voL ii, p. 643). 

‘‘2 The peak of Orizaba, clothed with perpetual snow, the geogra¬ 
phical position of which was quite erroneously indicated on all maps; 
before my journey, notwithstanding the importance of this point for 
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Mias Mount^^ (on the west coast of North America): 17,855 feet, 
according to the measiiremeuts of Quadra and Galeano. 

The volcano of ToUma:^^ 18,143 feet, accox‘ding to a trigonometrical 
measurement by Humboldt, 

The volcano of A 18,883 feet, according to a trigonome* 

trical measurement by Dolley. 

navigation near the landing-place in Vera Cruz, was first measured 
trigonometrically from the Eiiccro by Ferrer, in 179G. The measure- 
inent gave 17,879 feet. I attempted a similar operation in a small 
plain near Xalapa, I found only 17,375 feet, but the angles of eleva¬ 
tion were very small, and the base-line difficult to level. See lit /nboldt, 
Msai Politique sur la Nouv. Espagne, lime cd, t. i, 1825, i>. 1G6 ; Atlas 
da Mexiqiie (Carte dcs fausacs positions), pi. x, and Kleiiicrc SchriftcUy 
Bd. i, s. 468. 

^ Humboldt, Esml sur la Gcogmphie dcs Pkmtcs, 1807, p. 153. The 
elevation is uncertain, i^erliaps more than -j^Ah too high. 

I measured the truncated cone of the volcano of Tolima, sitnntcd 
the northeiji extremity of the I’aramo de Quiudiu, in the Yallo ..j 1 
Carvajal, near the little town of Tbaguc, in the year 1S02. The moun¬ 
tain is also seen at a great distance uptm tlio jdatcau of Bogota. At 
this distance Cal das obtained a tolerably approximate result (18,430 
feet) by a somewhat coni])licated comhinatiou in the year 1806 ; 
nario de la Nueva Granaday nueva edlcion, aumentada j>or J. Acosta, 
1849, p. 349. 

The absolute altitude of the volcano of Arequipa lias been so 
variously stated that it becomes difiieult to distinguish between mcro 
estimates and actual me.'i'^urcTnents. Ur. Thaddaus ILiiike, t»f Prague, 
the 'diatiriguished botanist of Maliis])iiia’a voyage roun<l iho world, 
ascended the volcano of Arequipa in the year 1796, and found at the 
summit a cross which had been ei’ccted there 12 years before. By .1 
trigonometrical operation Hanke found the volcano to be 3180 toises 
(20,235 feet) above the sea. This altitude, which i.s fifr toc^great, was 
probably the result of an erroneous assumption of the elevation of the 
town of Arequipa, in the vicinity of which the operation was performed. 
Had Hanke been provided with a barometer, a bobinist entirely unprac¬ 
tised in trigonometrical measuremonts, would certainly not have resorted 
to such means after ascending to the summit. The first who ascended 
the volcano after Hanke was Samuel Curzon, from the United States 
of North America {Boston Philosophical Journal, 1823, Novcmhrr, 
p, 168). In the year 1830 Peiitland estimated the altitude at 5600 
metres (18,374 feet), and I Have adopted tliis number {Annuaire du 
Bwreau des Lvugitades, 1830, p. 325) for my Varle Uypsometrique de la 
CordllUre des Andes, There is a satisfactory agreement (within 

•Jfih) between tliis and the trigonometrical measurement of a French 
naval officer, M, Dolley, for which I was indebted in 1826 to the kind 
communication of Captain Alphonse de Mogea in Paris. Dolley found 
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The volcano Coto'paxi:^ 18,831 feet, according to Bouguer. 

The volcano Sahama^^ (Bolivia); 22,354 feet, according to Pentland. 

Tlic volcano with which the fifth group ends is more than 


the dummit of the volcano of Arequii)a (trigonometrically) to be 
11,031 feet, and the summit of Charcani 11,800 feet above the plateau 
hi which the town of Arequi^ja is situated. If now we fix the town of 
A v^Hjuipa at 7841 feet, in accordance with the barometrical measurements 
cf IVutland and Bivero (Pentland, 7852 foot in the Table of Altitudes 
to the Plajsiml (koffmphy oi Mrs, Somerville, 3rd ed. vol. ii, p. 454; 
b^ivero, in the McmovKil dc CicRcias Natiiraicny t. ii, Lima, 1828, p. (>5 ; 
‘^leycu, Reinc unt die Brtfc, Tbcil. ii, 1835, s. 5), Dolley’s trigonometrical 
>pciMti()U will give for the volcano of Arequipa 18,881 feet (2952 toises). 
Mid for the volcano Charcani^. 19,702 foot (30S2 toises). But Pentland's 
1 *10 of Altitudes, above cited, gives for the volcano of Areijuipa 

20,320 Ihighsh feet, (1190 metros (19,065 Paris feet), that is to say, 
1945 feet more than the determination of 1830, and somewhat too iden- 

with Ilaiike’s trigonoinctrical measurement in the year 1796 ! In 
)pposltif>n to this riisult the volcano is stated, in the Analcs de la Uni^ 
vu\dd(fdde Chtlcy 1852, ]>. 221, only at 5600 metres or 18,378 feet: con- 
Hcqiicntly 590 metres lower! A sad condition of hypsonictry! 

■‘f’ Bmissingault, accinnpanied by the talented Colonel Hall, has nearly 
reached the summit of Cotopaxi. Ho attained, according to barome¬ 
trical measurement, to an altitude of 5746 metres or 18,855 feet. There 
was only a small space lu'twecii him and the margin of the crater, bub 
lh(! great lott.sciiess of the snow prcA^entcd hia ascending further. Per¬ 
haps Bouguer s statement of altitude is rather too soicall, as his conipli- 
cateil trigonometrical calculation depends upon the hypothesis as to the 
elevation of the city of Quito. 

The Sahama, which Pentland {Annuaire dit BurcaUf de^ Longi- 
tadeSy 1830, p. 321) distinctly calls an active volcano, is situated, 
according to his new map of the Vale of Titicaca (1818), to the east¬ 
ward of Aric.i iu the western Cordillera. It is 928 feet higher than 
Chimborazo, and the relative height of the low.cst Japanese volcano 
CosiiiKi to the Sahama is as 1 to 30. I have hesitated lu placing the 
Chilian Aconcagua, which, stated l>y Pitzroy in 1835 at 23,204 feet, 
is, according to Pcntlaml’s correction, *23,911 feet, and according 
to the most recent measurement (1845) of Captain Kellet of the 
frigate Herald, 23,004 feet, in the fifth group, because from tho 


coubradictoiy opinions of Miors (Voyage to Cliiliy vol. i, p. 283) and 
Charles Darwin {Journal of Roicarrhes into the Geology and Natural 
Uiatory of the Variom Countries \jidLcd by the Beagle, 2ud ed. p. 291)^ 
it remains doubtful whether this colossal moimtain is a still ignited 
volcano. Mrs. Sohierville, Pentland, and Gilliss {Naval Astr. Eoeped* 
vol. i, p, 126), ;ilso deny its activity, Darwin says :—“ I was surprise 
at hearing that the Aconcagua was in action tho same night (15th 
January, 1835), bccauso this mountain most rarely shows any sign of 
action.*' 
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twice as higli as Etna, and five times and a half as high as 
Vesuvius. The scale of volcanoes that I have suggested, start¬ 
ing from the lowly Maars (mine-craters without a raised 
framework, wliich have cast forth olivine bombs surrounded 
by half-fused fragments of slate) and ascending to the still 
burning Bahama 22,354 feet in height, has sh^own us that 
there is no necessary connexion between the maximum of 
elevation, tl^e smaller amount of the volcanic activity and 
the nature of the visible siiecies of rock. Observations con¬ 
fined to single countries may readily lead us to erroneous 
conclusions. Por example, in the j)ait of Mexico which 
lies in the toiTid zone, all the snow-covered mountains, 
that is to say the culminating jioints of the whole country, 
are certainly volcanoes; and this is also usually the case 
in the Cordilleras of Quito, if the dome-shaped trachytic 
mountains, not opened at the summit (Chimborazo and 
Corazon), are to be associated with volcanoes; on the other 
hand, in the eastern chain of the Bolivian Andes, the 
highest mountains are entirely non-volcanic. The Nevados 
of Sorata (21,292 feet), and llUraaiii (21,153 feet) consist of 
grauwacko schist.s, which are penetrated by porphyritic 
masse.s,^® in which (as a proof of this j^enotration), fragments 
of schist are enclosed. In the eastern Cordillera of Quito, 
south of the parallel of I'" 35' the high summits (Condorasto, 
Cuvillan, and tlie Collanes) lying opposite to the trachytes, 
and also entering tire region of perpetual snow, are also 
mica-slate and firestone. According to our present know¬ 
ledge of the mineralogical nature of the mosf elevated parts 

^8 These penetrating porphyritic in.a.sses show themselves in peculiar 
vastnesa, near the Illimani, in Cenipampa (15,949 feet) and Totora- 
pampa (13,709 feet); and a quartzose porphyry containing mica, and 
enclo.sing garnets and at the same time angular fragments of silicioua 
Bchiat forms the superior dome of the celebrated argentiferous Cerro de 
Potosi (Pentland in MSS. of 1S32). The Illimani, which Pentland 
estimated first at 7315 (23,973 feet), and afterwardsat 6445 (21,139 feet) 
metres, has also been, since 1847, the object of a careful measurement “ 
by the engineer Pissis, who, on the occasion of his great trigonometrical 
survey of the Llanura de Bolivia, found the Illimani to be on the ave- 
irage 6509 metres (21,349 feet) in height, by three triangles between 
Calamarca and La Paz ; this only differs about 64 metres (210 feet) from 
PentLand’s last determination. Sec Inveatiffaciones f^ohre la AUitud de 
loa Andes, in the Arialea de Chile, 1852, p. 217 and 221. 
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of the Himalaya, -which we owe to the meritorious labours 
of B. H. Hodgson, Jaequemont, Joseph Dalton Hooker, 
Thomson, and Henry Strachey, the primary rocks, as they 
were formerly called, granite, gneiss and inica-alate, appear to 
be visible Imre also, although there are no tracliytic formations. 
In Bolivia, Pentland has found fossil shells in the Silurian 
schists on the Nevado de Antacau.a, 17,482 feet above the 
sea, between La Paz and Potosi. The enormous height to 
which from the testimony of the fossils collected by Abich 
from Daghestan, and by myself from the Peruvian Cordil¬ 
leras (between Cuambos and Mon tan), the chalk formation 
is elevated, reminds us very vividly that non-volcanic sedi¬ 
mentary strata, full of organic remains, and not to be con¬ 
founded with volcanic tufaceous strata, show themselves in 
places whei e for a long distance around, mel.aphyves,trachytes, 
dolerites, and other pyroxenic rocks, which we regard as the 
seat of the upheaving, urging forces, remain conce:iled in the 
depths. In what immeasurable tr.icts of the Cordilleras and 
the districts bordci’ing them upon the east, is no trace of 
any granitic formation visible! 

The frequency of the orujjtions of a volcano, appearing 
to depend, as I have already repeatedly observed, ujion mul¬ 
tifarious and very complicated causes, no general law can 
safely be established with regard to the relation of the abso¬ 
lute elevation to the frequency and degree of the renewal of 
combustion. If in a small gi’oup the comparison of Strom- 
boli, Vesuvius, and Etna, m.iy mislead us into the belief 
that the numjjer of cruj)tions is in an inverse ratio to the 
elevation of the volcanoes, other facts stand in direct con¬ 
tradiction to this proposition. Sartorius von Waltcrshausen, 
who has done such good service to our knowledge of Etna, 
remarks that on the average furnished by the last few centu¬ 
ries, an eruption of this volcano is to be exjiected every six 
years, whilst in Iceland, where no part of the islaitd is really 
secure from destruction by submarme fire, the eruptions of 
Hecla, which is 575G feet lower, are only observed every 70 
or 80 years." The group of volcanoes of Quito presents a 
still more remarkable contrast. The volcano of Bangay, 
17,000 feet in height, is far more active than the little conical 
mountain Stromboli (2958 feet) ; it is of all known volca- 

■" Sartorius von Waltersliausen, Skizze von Island, a. 103 and 107. 



256 


COSMOS, 


noesthe one which exhibits, every quarter of au hour, the 
greatest quantity of fiery, widely-luminous eruptions of 
scorise. Instead of losing ourselves in hypotheses upon 
the causal relations of inaccessible phenomena, we will rather 
dwell here upon the consideration of six points of the sui’face 
of the earth, which are j)eculiarly important and instructive 
in the history of volcanic activity,— Stromholi^ the Lycian 
Cliimceraj the old volcano of Masaya^ the very recent one 
of IzalcOj the volcano Fogo on the Cape Verd Islands, and 
the colossal Sangay. 

The Ghimeora in Lycia, and StromloUj the ancient Stron- 
gyle, ai'e the two igneous manifestations of volcanic activity, 
the historic proof of whose pei'inaiience extends the furthest 
back. The conical hill of Stromboli, a doleritic rock, iij 
twice the height of the island of Volcano (Hiera, Thermessa), 
the last great eruption of which occurred in the year 1775. 
The unintcrniptud activity of Stromboli is coinjjared by 
Strabo and Pliny with tliat of the island of Li pari, the 
ancient Meliguiiis ; but they ascribe to “ its flame,” that is, 
its erupted scoriae, “ a greater purity and luminosity, with 
less heat.” The number and form of the small fiery 
chasms are very variable. Spallanzani’s description of the 
bottom of the crater, which was long regarded as exaggerated 
has been completely confirmed by an experienced geog- 
nosist, Fricdx'ich Hoffmann, and also very recently, by an 
acute naturalist, A. de Quatrefages. One of the incandes¬ 
cent chasms has au opening of only 20 feet in diameter; it 
resembles the pit of a blast furnace, and the ascent and 
overflow of the fluid lava, arc seen in it every hoiTr, from a 
position on the margin of the crater. The ancient, perma¬ 
nent eruptions of Strombol i still sometimes serve for the 
guidance of the mariner, and, as amongst th6 Greeks and 
Romans, afford uncertain piedictions of the weather, by ‘ 
tlie observation of the direction of the flame and of the ascend- 

Strabo, lib. vi, p. 276, ed. Casaubon; Pliny, HiaL NaU iii, 9:—^ 
*'Strongyle, qujc a Lipai'a liquidiore flamma tantum differt; e cujni 
fumo quinam flatiiri siut venti, in triduo prccdicere incolte traduntur.'' 
See also Urlichs, Vindicice Pliniana^^ 1853, Fasc, i, p. 39. The volcano 
of Lipara (in the north-eastern part of the island), once so active, 
appears to me to have been either the Monte Campo Bianco, or the 
Monte di Capo Ctistagno. (See Hoffmann, in Poggend. AnnaleUf Bd.xxvi, 

8 . 49—64.) 
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ing column of vapour. PolybitR, who displays a singularly 
exact knowledge of the state of the crater, connects the 
multifarious signs of an approaching change of wind, with 
the myth of the earliest sojourn of -^olus u])on Strongyh^, 
and still more with observations upon the then violent fire 
upon Volcano (the “ holy island of Hephajstos”) The fre¬ 
quency of the igneous phenomena has of late exhibited some 
irregularity. The activity of Stroinboli, like that of Etn:i, 
according to Sai'torius von Waltorshausen, is greatest in 
November and the winter months. It is sometimes inter¬ 
rupted by isolated intervals of rest; but these, as we learn 
from the experience of centuries, are of very short dura¬ 
tion. 

The Chimmra in Lycia, which has been so admirably 
described by Admiral Beaufort, and to which I have twic<3 
referred,®^ is no volcano, but a perpetual burning spring—a 

** ComnoBj vol. i, p 220, and vol. v, p. 212. Albert Berg, wbo had 
previously published an artistic work, Pfnjsintjiiomie der Tropiscken 
Vegetation von Sudamevika^ visited the Lyciaii Chimsera, near Delik- 
tasch and Yaiiarta-soh, from Rhodes and the Gulf of Myra in 1853. 
(The Turkish word tdsrh signifies Uone, as ddgk and tdgh, signify moun^ 
tain; deliktasch signifies perforated stone, from the delik, a 

hole.) The traveller first saw the serpentine rocks near Adrasan, whilst 
Beaufoi't met with the dark coloured serpentine deposited upon lime¬ 
stone, and perhaps deposited in it, even near the island Garabusa (not 
Qrambusa), to the south of Cape Chelidouia. “ Near the ruins of the 
ancient temple of Vulcan rise the remains of a Christian church in the 
later Byzantine style : the remains of the n.ave and of two side chapels. 
In a fore-couii;, situated to the east, the flame breaks out of a fire-place- 
like opening aboijt 2 feet broad and 1 foot high in the serpentine rock. 
It rises to a height of 3 or 4 feet and (as a naphtha fe[)ring?) diffuses a 
pleasant odour, wJiich is perceptible to a distance of 40 paces. Near 
this large flame, and without the chiumey-like opening, numerous very 
small, constantly ignited, lambent flames make their aiipeai’ance from 
subordinate fissures. The rock which is in contact with the llairie is 
much blackened, and the soot deposited is collected to alleviate 
smarting of the eye-lids and especially for colouring the eye-brows. 
At Sk distance of three paces from the flame of the Chimeeva the heat 
which it diffuses is scarcely endurable. A piece of dry wood ignites 
when it is held in the opening and bmught near the flame without 
touching it. Wliere the old ruined walls lean against the rock, gas also 
pours forth from the interstices of the stones of the masonry, and this, 
probably from its being of a lower temperature or differently composed 
does not ignite spontaneously, but whenever it is brought in contact 
with a light. Eight feet below the great flame in the intci'ior of the 
rains there is a v*uiad openiug, 6 feet in depth, but only 3 foot wide, 

VOIi. V. 
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gas spring always ignited l(y the volcanic activity of tho 
interior of the earth. It was visited a few months ago bv 
a talented artist, Albert Berg, for the purpose of making a 
picturesque survey of this locality, celebrated'even in period-i 
of high antiquity (since the times of Ctesias and Scylax of 
Caryanda), and of collecting the rocks from which the 
Chimsera breaks forth. The descriptions of Beaufoii;, Pro¬ 
fessor Edward Forbes, and Lieutenant Travels 

in Lycia” are completely confirmed. An eruptive mass of 
serpentine rock penetrates the dense limestone in a ravine, 
which ascends from south-east to north-west. At the north¬ 
western extremity of this ravine, tlie serpentine rook is cut 
off, or perhaps only concealed, by a curved ridge of limestone 
rocks. The fragments brought home arc ])artly green and 
fresh, partly brown and in a weathered state. In both 
serpentines diallage is clearly recognisable. 

The volcano of Masaya^’^ tlie fame of which was already 
widely spread in the beginning of the 16th century, under 
the mime oi cl Tafierno de Masaya, and gave occasion for 
reports to the Emperor Charles V'., is situated between the 
two lakes of^icaragiia and Managua, to the south-west of 
the charming Indian village of Nindiri. For centuries to¬ 
gether it presented the same rare phenomenon tliat we have 

which was probably arched ovtT formerly, as a spring of water breaks 
out. in it in the wet seasons, near a fissure over which a small flamo 
plays.” (From the traveller’s manuscripts.) On a plan of the locality, 
Berg shows the geographical relations of tho alluvial strata, of the 
(tertiary?) limestone, and of the serpentine Tocks. 

The oldest and most important notice of the Volcano of Masaya 
is contained in a manuscript of Oviedo’s, first edited foiirt^n years ago 
by the meritorious historical compiler, Ternaux-(]!ompan8,—rfc 
Nicaragua (cap. v to x), see pp. 115—197. The French translation 
forms one voinm© of the Voyages^ ReLaliouH c/ Memmres Oviginwacc pow 
servir d FHistoire et d la Decoiiverte de I*Arnertque, See also Lopez de 
Qomara, Historia General de las Indias (Zaragoza, 1553), fol. cx, b; and 
amongst the most recent works, Stpiicr. Nicaragua, its Peojgle, Scenery^ 
and Mi^numenfs, 1853, vol. i, p. 211—223, and vol, ii, p, 17. So widely 
famed was the incessantly active volcano of Masaya, that a special 
monograph of this mountain .exists in the royal library at Madrid, 
under the title of Eutrada y Eesculyrimiento del Vaican de Masayat 
qu€ estd en la Prov. de Nicaragua, fecka j>or Juan Sancfiez dA 
Portero, The author was one of those who let themselves down into 
the crater in the wonderful expeditions of the Dpiuinican monk, Fiay 
Bias de Inesta (Oviedo, Hist, de Nicaragua, p. 141). 
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described in the volcano of Stromboli. From the margin of 
the crater, the waves of fluid lava, set in motion by vapours, 
were seen rising and falling in the incandescent chasm. The 
Spanish historian, Gonzalez Fernando de Oviedo, first 
ascended the Masaya in July 1529, and made comparisons 
with Vesuvius, which he had previously visited (1501), in 
the suite of the Queen of ITaplei as her xefe de guardaropa. 
The name Masaga^ belongs to the Chorotega language 
of Nicaragua, and signifies burning mountain. The volcano, 
surrounded by a wide lava-field {maUpm/s)^ which it has 
probably itself produced, was at that time reckoned amongst 
the mountain group of the “nine burning Mai'ibios.” In its 
ordinary condition, says Oviedo, the surface of the lava, 
upon which black scoriie float, stands several hundred feet 
below the margin of the crater ; but sometimes the ebullition 
is suddenly so great, that the lava nearly reaches the upper 
margin. Tlie perpetual luminous phenomimon, as Oviedo 
definitely and acutely states, is not caused by an actual 
flame,*® but by Vapours illuminated from below. It is said to 
have been of such intensity that on the road from the volcano 
towai‘ds Granada, at a distance of more than three leagues, 
the illumination of the district was almost equal to that of 
the full moon. 

Eight years after Oviedo, the volcano was ascended by 
the Dominican monk. Fray Bias del Castillo, who enter- 

In the French translation of Temanx-Compans (the Spanish 
original has never been published), we find at pp. 123 and 132 :—‘‘It 
cannot, however, be said precisely that a ft.ime issues from the crater, 
but a smoke as hot as fire ; it is not seen from far during the day, bub 
is well seen at night. The volcano gives as much light as the moon a 
few days before it is at the full.” This old obseiwation upon the pro¬ 
blematical mode of illumination of a crater, and the strata of air lying 
above it, is not without importance, on account of the doubt, so often 
raised in recent times, as to the disengagement of hydrogen gas from ' 
the craters of volcanoe.s. Although in the ordinary condition here indi¬ 
cated the Hell of Masaya did not throw out scoriaj or ashes (Qomara 
adds, cosa qtit hazen otros volcanes)^ it has nevertheless sometimes had 
true eruptions of lava; the last of which probably occurred in the year 
1670. Since that date the volcano baa been quite extinct, after a 
perpetual luminosity bad been observed for 140 years, Stephens, who 
ascended it in 1840, found no perceptible trace of ignition. Upon the 
Chorotega language, the signification of the word Masaya, and the Mari- 
bioB, see Buachmann’s ingenious ethnographical researches, Ud}er die 
Azt^iseken Ortanamen, a. 130, 140, and 171. 
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tained the absurd opinion that the fluid lava in the crater 
was liquid gold, and associated himself with an equally avari' 
cious Flenaish Franciscan, Fray Juan de Gandavo. The 
pair availing themselves of the credulity of the Spanish 
settlers, established a joint-stock company to obtain the 
metal at the common cost. They themselves, Oviedo adds 
satirically, declarefl that as ecclesiastics they were free 
from any pecuniary contributions. The report, upon the 
execution of this bold undertaking, which was sent to the 
Bishop of Castilla del Oro, Thomas de Verlenga, by Fray 
Bias del Castillo (the same j)ersou who is denominated Fray 
Bias de Inesta in the writings of Gomara, Benzoni, and 
Herrera), was only made known (in 1840) by the discovery 
of Oviedo’s work upon Nicaragua. Fray Bias, who bad pre¬ 
viously served on board ship as a sailor, proposed to imitate 
.the method of hanging upon ropes over the sea, by which 
the natives of the Canary Islands collect the colouring mat¬ 
ter of the Orchil {Lichen Boccdla)^ on precipitous rocks. 
For months together all sorts of preparations were made, in 
order to let down a beam of more than 30 feet in length, by 
means of a windlass and crane, so that it might project over 
the deep abyss. The Dominican, his head Covered with an 
iron helmet and a crucifix in his hand, was let down with 
three other mornbervS of the association ; they remained for 
a whole night in tliis part of the solid crater bottom, from 
which they made vain attempts to dip out the supposed 
liquid gold with eai-then vessels, placed in an iron pot. 
Npt to frighten the shareholders they agreed** that, 

6-* “The three companions agreed to say that they had’found great 
riches; and Fray Bias, whom 1 had known aa an ambitious man, gives, 
in his relation, the oath which he and his associates took upon the 
Gospel, to persist for ever in their opinion that the volcano contained 
gold and silver in a state of fusion!” Oviedo, De&cr. de Nicaragua^ cap. x, 
pp. 186 and 196). The Crouista de las Indias is, however, very indig¬ 
nant (cap. 5) that Fray Bias narrated that “ Oviedo had begged the Hell 
of Masaja from the Emperor as his armorial bearings.” Such a geog¬ 
nostic memento would certainly not have been in opposition to the 
heraldic customs of the period, for the courageous Diego de Ordaz, who 
boasted of having reiiched the crater of the Popocatepetl when Cortez 
first penetrated into the valley of Mexico, bore this volcano as an 
heraldic distinction, as did Oviedo tlie constellation of the Southern 
Cross, and earliest of all Columbus {iiram. crit. t. iv, pp 235—240), a 
fragment of a map of the Antilles, 
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when they were drawn up again they should say that they 
had found great riches, and that the Infietno of Masaya, 
deserved in future to be called el Pqraiso del Masaya. The 
operation was afterwards repeated several times, until the 
Governor of the neighbouring city of Granada, conceived 
some suspicion of the deceit, or perhaps of a fraud upon the 
revenue, and forbad any further descents on ropes into the 
crater.” This took place in the summer of 1538; but in 
1551 Juan Alvarez, the Dean of the Chapter of Leon, again 
received from Madrid the naive })ermission “to open tlic 
volcano, and procure the gold that it contained.” Such was 
the popular credulity of the sixteenth century! But even in 
Naples in the year 1822, Monticclli and Covelli were obliged 
to prove by chemical analysis, that the ashes thrown out 
from Vesuvius onthe 28th October contained no gold ! 

The volcano of Izalco, situated on the west coast of Cen¬ 
tral America, 32 miles northwards from San Salvador, and 
eastward from the harbour of Sonsonate, broke out 11 years* 
after the volcano of Jorullo, deep in the interior of Mexico. 
Both eruptions took place in a cultivated plain, and after 
the prevalence of earthquakes and subterranean noises 
{bramidon) for several months. A conical hill rose in the 
Llano de IzalcOy and with it simultaneously an eruption of 
lava poured from its summit on the 23rd February, 1770. It 
still remains undecided, how much is to be attributed, in the 
rapidly increasing height, to the upheaval of the soil, and 
how much to the accumulation of erupted scoriae, ashes and 
tufa-masses; o^nly this much is certain, that since the first erup¬ 
tion, the new volcano, instead of soon becoming extinguished 
like Jorullo, has remained imintemiptedly active, and often 
serves as a beacon liglit for mariners near the landing place 
in the Bay of Acajutla. Four fiery eruptions are counted 
in an hour, and the great regularity of the phenomenon has 
astonished its few accurate observers.®® The violence of the 
eruptions was variable, but not the time of their occurrence. 
The elevation which the volcano of Izalco has irow attained 
since the last eruption of 1825, is calculated at about 1600 
feet, nearly the same as the elevation of Jorullo above the 

“ Humboldt, Views of Nature^ji, 368. 

Squier, Nicaragua^ its People and Monuments, vol. ii, p. 104. (John 
Bailey, Ceniral Amenca, 1850, p, 75). , 
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original cultivated plain; but almost four times that of 
the crater of elevation (Monte Nuovo) in the Phlegrsean 
Fields, to which Scacchi ” ascribes a height of 432 feec 
from accurate measurement. The permanent activity of 
the volcano of Izalco, which was long considered as a 
safety-valve for the neighbourhood of San Salvador, did 
not however preserve the town from complete destruction 
on Easter eve in this year (1854). 

One of "the Cape Verd Islands, which rises between S. Jago 
and Brava, early received from the Portuguese the name of 
llha do Fugo, because, like Stroinboli, it produced fire uninter¬ 
ruptedly from 1680 to 1713. After a long repose, the vol¬ 
cano of this island resumed its activity in the summer of 
the year 1798, soon after the last lateral eruption of the 
Peak of Tencrifle in the crater of Chahorra, which is errone¬ 
ously denominated the volcano of Chahorra as if it were a 
distinct mountain. 

The most active of the South American volcanoes, and 
indeed of all those which I have here specially indicated, is 
the Sangay, which is also called the Volcan de Macas, because 
the remains of this ancient city, so populous in the early 
period of the Conquista, are situated upon the Rio Upano, 
only 28 geog. miles to the south of it. The colossal mountain, 
17,128 feet in height, has risen on the eastern declivity of 
the eastern Cordillera, between two systems of tributaries of 
the' Amazons, those of the Pastaza and the Upano. The 
grand and unequalled fiery phenomenon Avhich it now ex¬ 
hibits, appears only to have commenced in t^ie year 1728. 
During the astronomical measurements of degreqg by Bou- 
guer and La Condamine, (1738 to 1740), the Sangay served 
as a perpetual fire signal.®* In the year 1802, I myself 
lieard its thunder for months together, especially in the 
early morning, in Chillo, the pleasant country seat of the 
Marquis de Selvalegre near Quito, as half a century pre¬ 
viously, Don Jorge Juan had perceived the ronquidos del 

*7 Memorie geologiche aulla Campania, 1849, p. 61. I found the 
height of the volcano of Jorullo to be 1682 feet above the plain in 
which it rose, and 4266 feet above the sea-level. 

La Condamine, Journal du Voyage d VEguatewr, p. 163; and in 
the Mesure de Troia Deyrei.dc la M^ridwiue de VIlemisphdre Auttral, 
p. 66. 
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Sangay^ somwliat further towards the north-east, near 
Pintac, at the foot of the Antisaim.®® In the years 1842 
and 1843, when the ei'uptions were associated with most 
noise, the latter was heard most distinctly not only in the 
harbour of Guayaquil, but also further to the south along 
the coast of the Pacific Ocean, as far as Payta and San 

In the country house of the Alarquis of Selvnlegre, the father of niy 
unfortunate coin|)anion and friend, Don Carlos Montnfar, one was often 
inclined to ascribe the hramidon^ which resembled the discharge of a 
distant battery of heavy artillery, and which wdili tlie same wind, the 
same clearness of the atmosphere and the saine temperature, were so 
extremely unequal in their intensity, not to the Sangay, but to the Guaca- 
mayo, a mountain forty miles nearer, at the focit of which a load leads 
from Quito, over the Hacienda tic Autisana to tho plains of Archidona 
and the Rio Napo, (8ee my special map of the province Quixos, 
No. 23 of my Atlas ytofjr. H phys. dt XAmeriqiie^ 1814—1834). Don 
Jorge Juan, who heard the Saiigay thundering when closer to it than I 
have been, says decidedly that the hramldos, which he calls romimdos 
del Volcan (Rdadoifi del Viuye d la Amei'ica Metddimialy pt. i, t. 2, 
p. 569), and perceived in Pintac, a few miles from the Hacienda do 
Cliillo, belong to the S-angay or Volcan de Macas, who.se voicey if I may 
make use of the ex[)roBsion, ia very characteristic. This voice appeared 
to the Spanish astronomer to be peculiarly harsh, for which reason he 
calls it a snore (icn ronqiiido) r.ithcr than a roar {f)ra7iildo). The very 
disagreeable noise of -the volcano Pichiucha, which 1 have frequently 
beard at night in the city of Quito, without its being followed by any 
earthquake, has something of a clear rattling sound as tliough chains were 
rattled, and masses of glass were falling upon each other. On the Sangay, 
Wisae describes the noise to be, sometimes like rolling thunder, some* 
times distinct and sharp, as if one were in the vicinity of platoon firing. 
Payta and San Buenaventura (in the Choco) where the bramidos of the 
Sangay, that is to aay, its roaring, were heard, are distiint from the 
summit of the volcano in a south-w^estern direction, 252 and 348 geog. 
miles. (See Cftrfe de la p7*ov. Da Choco, and Ca7'te hypsoniet7*}qV‘e des Cor- 
dilldres, Nos. 23 and 3 of my Atlas Geoyr. ei Physique). Thus, in this 
mighty spectacle of nature, reckoning in tho Tungurahua and the Coto¬ 
paxi, which is nearer to Quito, and the roar cf w'hich I heard in 
February, 1803, in the Pacific Ocean (Klemei'e Schrift€7iy Ld. i, s. 384), 
the voices of four volcanoes are perceived at adjacent points. The 
ancieuta also mention “ the difference of the noise,” emitted at different 
times on the ^olian Islands by the same fiery chasm (Straho, lib. vi, 
p. 276). During the great eruption (23rd January, 1835) of the 
volcano of Conseguina, which is situated on the coast of the Pacific, at 
the entrance of the Bay of Fonseca, in Central America, the subterranean 
propagation of the Bound was so great, that it was most distinctly per¬ 
ceived on the plateau of Bogotd, at a distance equal to that from Etna 
to Hamburgh (Acosta, Viajts CicntificosdeM.BoussingaultdlosAndes, 

184D,h. 56). 



2G4 


cosMoa 


Buenaventura, at a distance equal to that of Berlin from 
Basle, the Pyrenees from Pontulnebleau, or London from 
Aberdeen. Although, since the commencement of the pre¬ 
sent century, the volcanoes of Mexico, New Granada, Quito, 
Bolivia, and Chili have been visited by some geognosists, the 
S ingay, which exceeds the Tungurahua in elevation, has un¬ 
fortunately remained entirely neglected, in consequence of 
its solitary position, at a distance from all roads of commu¬ 
nication.* it was only in December 1849 that an adventurous 
and higlily informed traveller, Sebastian Wisse, after a sojourn 
of five years on the chain of the Andes, ascended it, and 
nearly readied the extreme summit of the snow-covered, pre¬ 
cipitous cone. lie not only made an accurate chronomefcric 
determination of the wonderful freqxiency of the eruptions, 
but also investigated the nature of the trachyte which, con¬ 
fined to such a limited sj^ace, breaks through the gneiss. As 
has already been remarked,®® 2G7 eruptions were counted in 
one hour, each lasting on an average 13".4, and, which is 
very remarkable, un iccompanied by any concussion percep¬ 
tible on the ashy cone. The erupted matter, enveloped in 
much smoke, sometimes of a gray and sometimes of an 
orange colour, is principally a mixture of black ashes and 
rapilli, but it also consists partly of cinders, which rise pei'- 
pcndiculady, are of a globular form and a diameter of 15 or 
16 inches. In one of the more violent eruptions, however, 
Wisse counted only 50 or 60 red hot stones as being simul¬ 
taneously thrown out. They usually fall back again into 
the crater, but sometimes they cover its upper margin, or 
dsible by their luminosity at a distance, glide (lo%^i at night, 
upon a portion of the cone, which, when seen from a great 
way off, ])robably gave origin to the erroneous notion of La 
Condamine, that there was an effusion of burning sulphur 
and bitumen.” The stones rise singly one after the other, so 
that some of them are falling down, whilst others have only 
just left the crater. By an exact determination of time, the 
visible space of falling (calculated therefore to the margin of 
the crater) was ascertained to be on the average only 786 
feet. On Etna, according to the measurements of Sartorius 
von Waltershausen and the astronomer D. Christian Peters, 
the ejected stones at tarn an elevation of as much as 2665 

“ CotmoB, see page 182. 
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feet above tlie waUs of the crater. Gemcllaro’s estmates 
during the eruption of Etna in 1832, gave even three 
times this elevation! The black, erupted ashes form layers 
of three or four hundred feet in thickness upon the decli¬ 
vities of the Sangay for a circle of nearly fourteen miles in 
circumference. The colour of the ashes and rapilli gives the 
upper jJart of the cone a fearfully stem character. We must 
here again call attention to the colossal size of this volcano, 
which is six times greater than that of Stromboli, as this 
consideration is strongly in opposition to the absolute belief 
that the lower volcanoes always have the most frequent 
eruptions. 

The grouping of volcanoes is of more importance than 
their form and elevation, because it relates to the great 
geological phenomenon of ujiheaval upon fissures. These 
groups, whether according to Leopold von Buch, they rise in 
lines, or united around a central volcano, indicate the parts 
of the crust of the earth, where the eruption of the fused 
interior has found the least resistance, in consequence either 
of the reduced thickness of the rocky strata, of their natural 
structure, or of their having been originally fissured. Three 
degrees of latitude are occupied by the space in which the 
volcanic energy is formidal)ly manifested in Etna, in the 
.^olian Islands, in V esuvius, and the parched land (the Phle- 
grman Fields) from Puteoli (Dicsearchia) to Gumaj, and as far 
as the fire-vomiting Epopens on Ischia, the Tyrrhenian island 
of Apes, Ainaria. Such a connexion of analogous phenomena 
could not escape the notice of the Greeks. Strabo says, “The 
whole sea commencing from Cumse as far as Sicily is pene¬ 
trated by fire, and has in its depths certain conduits commu¬ 
nicating with each other and with the continent.*' In such a 

See Strabo, lib. v, p. 248, Casanbon :—eyfe KoiXiac rivdg] and 
lib, vi, p. 276. Upon a double mode of production of islands the 
geographer of Amasia expresses himself (vi, p. 258) with much geolo¬ 
gical acumen. Some islands,” says he (and he names them), are 
fragments of the mainland; others have proceeded from the sea, as still 
happens. For the islands of the high sea (those which lie far out in 
the sea) were probably upheaved from the depths; whilst, on the con¬ 
trary, it is more reasonable to consider those situated at promontories 
and separated by a strait, as torn from the mainland.” The small group 
of the Pithecuso) consists of Ischia, originally called .^^naria, and Procida# 
(Prochyta), The reason why this group was considered to bo an ancient 
habitation of apes, why the Greeks and the Italian Tyrrhenians, couso- 
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(combustible) nature, as all describe it, appear, not only Etna, 
but also the districts around Dicsearchia and Nafdes, and 
around Baioe and Pithecusa;” and from this arose the fable 
that Typhon lay under Sicily, and that, when he turned him¬ 
self, flames and water burst forth, nay soTnet'mes even small 
islands with boilinp; water. “ Frequently between Strongyle 
and Lipara (in this wide district) flames have been seen burst¬ 
ing forth at the surface of the sea, the Are opening itself a 
passage out of the cavities in the depths and pressing upwards - 
with force.” According to Pindar** the body of Typhon is of 

quently Etruscans, gave it such a name (apes were called djot/foi, in the 
Tyrrhenian; Strabo, lib. xiii, p. 626) remains very obscure, and is per¬ 
haps connected with the myth, according to which the old inhabitants 
were transformed into apea Ity Jupiter. The name of the apes, dpiftoi, 
might relate to Arima or Arimer of Homer {Iliad, ii, 783) and Hesiod 
{Theog. V. 301), The words tiv *Apifiot^ of Homer, are contracted into 
one word in some codices, and in this contracted form we find the 
name in the Roman writers (Virgil, AHimd, ix, 716: Ovid, Meta* 
moTjph, xiv, 88). Pliny {Hint. Nat, iii, 5) even says decidedly;— 
^naria, Ilomoro Inarime dicta, Grsccis Pithecusa.” .... 
The Homeric country of the Arimer, Typhon’s resting-place, was 
sought, even in ancient times in Cilicia, Mysia, Tjvdia, in the volcanic 
Pithecusaj, at the crater Puteolanus, and in the Phrygian Phlegraja, 
beneath which Typhon once lay, and even in the Katakokaumeno, 
That apes should have lived within historical times upon Ischia, at such 
a distance from the African coast is the more improbable, because, as 
I have already observed elsewhere, the ancient presence of the apes 
upon the Rock of Gibraltar does not appear to be proved, since Edriai 
(in the 12th century) and other Arabian geographers, who describe the 
Straits of Hercules in such detail, do not mention them. Pliny also 
denies the a]>es of ./Enaria, but derives the name of the Pithecusa) in a 
most improbable manner from ttiOoc, dolium (a figlinis doliorum). 

‘‘ It appears to me,” says Bockh, “ to be tbe main point iifthis inveati- ’ 
gatiou, that Inarima is a name of the PithecusEO produced by learned 
interpretation and fiction, just as Corcyra became Scheria; and that 
.^neaa was probably only connected with the Pithecusco (.^uese ■. 
insulce) by the Romans, who find their progenitors everywhere in 
these regions. Naevius also testifies to their connection with in 

the first book of the Punic War.** 

Find. Pyth, i, 31, See IStraho^ v, pp. 245 and 248, and xiii, p. 627. 
We have already observed {Cosmos, vol. v, p, 208), that Typhon fled . 
from the Caucasus to Lower Italy, as though the myth would 
indicate that the volcanic eruptions in the latter country were of 
less antiquity than those upon the Caucasian Isthmus. The conai- 
^ deration of mythical views in popular belief cannot be separated either 
from the geography or the history of volcanoes. The two often reel*, 
procally illustrate each other. That which was regarded upon the 



TPwUE VOLCANOES. 


267 


aucli extent that “ Sicily and the sea-girt heights above 
CumcB (called Phlegi'a, or the burnt field,) lie upon the 
shaggy breast ol* the monster,” 

Thus Typhoii (the raging Enceladus) was, in the popular 
fancy of the Greeks, the mythical synibol of the unknown 
cause of volcanic jjhenomeiia lying deep in the interior of 
the earth. By the position and the space wliich he occupied 
were indicated the limitation and the co-operation of parti¬ 
cular volcanic systems. In the fanciful geological picture of 
the interior of the earth, in the groat contemplation of the 

surface of the earth as the mightiest of moving forces (Aristotle, 
MeteoroL ii, 8, 3), the wind, the inclosed was recognised as the 

universal cause of vulcanicity (of fire^vomiting movintaiiis and earth- 
Quakes). Aristotle's contemplation of nature was founded upon the 
mutual action of the external and the internal subterranean air, upon 
a theory of transpiration, upon differences of heat and cold, moisture 
and dryness (Aristotle, Meteor, ii, 8, 1, 25, 31, and ii, 9, 2). The greater 
the mass of the wdiid inclosed subteminean and submarine pas¬ 
sages,” and the more it is obstructed in its natural, essential propei-ty of 
moving far and quickly, the more violent are the eruptions. “ Vis 
fera ventorum, cicciB iiiclusa cavernia” (Ovid, Metamorfjh. xv, 299). 
Between the wimi and the fire there is a. peculiar relation. (T6 Trip 
brav gfird Trvtu/iaroi; y, yiverai icat ; Aristotle, 

MeteoroL^ii, 8, 3. — icat ydp to 7rup olov nrf-vfiaTn^ rtg <pvaig; Theo¬ 
phrastus, i>(i Ign€j § 30, p. 715). The wind {pnvnma) suddenly set 
free from the clouds, sends the consuming and widely luminous 
lightning flash (TTpr/arrip). “ In the Phlegra^\ the Katakekaiuncne of 
Lydia,” says Strabo (lib. xiii, p. 828), ‘‘three chasms, fully forty 
stadia from each other, are still shown, which are called the wind¬ 
bags; above them lie rough hills, which are probably piled up by the 
red-hot masses blown iip.” He had already stated (hb. i, p. 67) “that 
between the Cycla’des (Thera and Therasia) flames of fire burst forth 
from the sea for four days together, so that the whole sea boiled and 
burnt; and an island composed ot calcined masses was gradually raised 
as if by a lever,” All these well described phenomena are ascribed 
to the^ompressed wind, acting like elastic vapours. Ancient physical 
science troubled itself but little about the peculiar essentials of mate¬ 
rial bodies; it was dynamic, and depended on the measure of the moving 
force. We find the opinion that the increasing heat of the ])lanot with 
the depth is the cause of volcauoea and earthquakes, first expressed 
towards the close of the third century by a Christian bishop in Africa 
under Diocletian ((7oswio«, vol. v, p. 196). The Pyriphlegcthon of 
Plato, as a stream of fire circulating in the interior of the earth, 
nourishes all lava-giving volcanoes, as we have already mentioned 
in the text. In the earliest presentiments of humanity, in a nan'ow 
circle of ideas, lie the germs of that which we now' think we may 
explain under the form of other symbols. 
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universe which Plato establishes in the Phoedo (p. 112 — 
114) this co-operation is still more boldly extended to all 
volcanic systems. The lava-streams derive their materials 
from the Pyriphlogcthon, which after it has re])eatedly 
rolled around beneath the earth,” pours itself into Tartarus. 
Plato says expressly that the fire-vomiting mountains, wher- 
i'vcr suchocdur upon the earth, blow upwards small portions 
Ironi the Pyriplilcgcthon (“ oJto'? ov cTrovofxa^ovai 

V\vpt<l>\£'^l^0ov7ay ov Kal ol pvriK^^ d’TTOtrTrafTp.ma ava(f)va{batVy 

oTrrj at/ t^v 7r/v”). This expression (p. 113 B.) of the 

<ixpulsiou with violence refers to a certain extent to the 
moving force of the previously enclosed wind, then suddenly 
breaking through, upon which tlic Stagirite afterwards, in 
the Meteorology, founded his entire theory of vulcanicity. 

According to these ancient views the linear arrangement of 
volcanoes is more distinctly characterized in the consideration 
of the entire body of the earth, than their grouping around a 
central volcano. The serial arrangement is most remarkable in 
those places where it depends upon the situation and exten¬ 
sion of fissures, which, usually parallel to each other, pass 
through gieat tracts of country in a linear direction (like 
Cordilleras). Thus, to mention only the most important 
series of closely approximated volcanoes, we find in the 
new continent those of Central America, with their appen¬ 
dages in Mexico; those of New Granada and Q,uito^ ol Peru, 
Bolivia^ and Chili; in the old continent the Sunda Islands 
(the Indian Archipelago, especially Java), the peninsula of 
Kamischatka and its continuation in the Kurile Islands, 
and the Aleutian Islands, which bound the neajly closed 
Jlehring’s Sea on the south. We shall dwell upon some of 
the principal groups ; individual details, by being brought 
together, lead us to the causes of phenomena. 

The linear volcanoes of Central America, according to the 
older denominations the volcanoes of Costa Rica, Nicaragua, 
San Salvador, and Guatemala, extend from the volcano 
Turrialva near Cartago to the volcano of Soconusco, over 
six degrees of latitude, between 10^9 and 16° 2, in a line 
* the general direction of which is from S.E. to N.W,, and 
which, with the few curvatures which it undergoes, has a 
length of 540 geog. miles. This length is about equal to the 
distance from Vesuvius to Prague. The most closely aj>- 
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proximated of them, as if they bad broken out upon one 
and the same fissure only 64 miles in length, are the eight 
volcanoes, situated between the Laguna de Managua and 
the Bay of Fonseca, between the volcano of Aloinotombo 
and that of ConsCguiua, the subterranean noise of which 
was heard in Jamaica and on the highlands of Bogota in 
the year 1835 like the fire of artillery. In Central America 
and the whole southern part of the new continent, and 
generally from the Chonos Areliipelago in Chili to the most 
northern volcanoes of Mount Edgecombe on the small island 
near Sitka,®® and Mount Elias on Prince William’s Sound, for 
a length of G4(K)gcog miles, the volcanic fissures have every¬ 
where broken out in the western part, or that nearest to the 
Pacific Ocean, Where the line of the Central American vol¬ 
canoes entei’s with the volcano of Conchagua into the state 
of San Salvador, in the latitude of 13^° (to the north of 
the Bay of Fonseca) the direction of the volcanoes changes 
at once with that of the west coast. The series of the 
former then strikes E,S,E.—W.H.W. ; indeed, where the 
burning mountains are again so closely ap|)roxiinated that 
five, still more or less active, are counted in the short dis¬ 
tance of 120 miles, the direction is nearly E.—W. This 
deviation corresponds with a great dilatation of the conti¬ 
nent towards the cast in the peninsula of Honduras, where 
the coast tends also suddenly, exactly east and west, from 
C ipe Gracias A Dios to the Gulf of Amatique for 300 miles, 
after it had been previously running from north to south 
for the same distance. In the group of elevated volcanoes 
of Guatemala (lat. 14° 10') the series again acquires its old 
direction, N. 45° W., which it continues as far as the Mexi¬ 
can boundary towards Chiapa and the isthmus of Huasa- 
cualco. Korth-West of the vblcano of Soconusco to that 

^ Mount Edgecombe, or the St. Lazarus mountain, upon the small 
island (Croze's Island, near Lisiansky), which is situated to the west¬ 
ward, near the noi-thern half of the larger island Sitka or Baranow, in 
Norfolk Sound, was seen by Cook, and is a hill partly composed of 
basalt abounding in olivine, and partly of felspathic trachyte. Its 
height is only 2770 feet. Its last great eruption, which producod 
much pumice-stone, was in the year 1706 (Lutkd, Voyage autonr 
du Monde, 1836, t. iii, jj, 15). Eight years afterwards Captain Lisiansky 
reached the sdmmit, which contains a crater-lako. lie found at that 
tiaie no signs of activity anywhere on the mountain. 
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of Tiixtla, not even an extinct trachytic cone has been ^ 
discovered; in this quarter, granite aliounding in quartz 
and mica-schist predominate. 

The volcanoes of Central America do not crown the ad¬ 
jacent mmiTitain chains, but rise along the foot of the 
latter, usually completely separated from each other. The 
greatest elevations lie at the two extremities of the series. 
Towards the South, in Costa Rica, both seas are visi])le 
from the summit of the Irasu (the volcano of Cartago), 
to which, besides its elevation (11,081 feet), its central 
position contributes. To the south-east of Cartago there 
stand mountains of ten or eleven thousand feet: the 
Ohiriqni (11,202 feet) and the l^ico Blanco (11,740 feet). 
Wo know nothing of the nature of their rook, but ttey 
are probably unopened trachytic cones. Further towards 
the south-ciist, the elevations diminish in Veragua to six 
and five thousand feet. This appears also to he the 
average height of the volcanoes of Nicaragua and San Sal¬ 
vador; but towards the north-western extremity of the 
whole series, not far from the new city of Guatemala, two 
volcanoes again rise above 13,000 feet. The maxima con¬ 
sequently fall into the third group of my attempted hyp¬ 
sometric classification of volcanoes, coinciding with Etna 
and the Peak of Teneriffe, whilst the greater number of 
the, heights lying between the two extremities, scarcely 
exceed V(isuvius by 2000 feet. The volcanoes of Mexico, 
New Granada, and Quito belong to the fifth group, and 
usually attain an elevation of more than 17,000 feet. 

Although the continent of Central America •increases 
considerably in breadth from the isthmus of Panama, 
through Veragua, (-osta Rica, and Nicaragua, to the lati¬ 
tude of 11.}-°, the great area of the lake of Nicaragua and 
the small elevation of its surface (scarcely 128 feet** above 
the two seas), gives rise to such a degradation of the land 
exactly in this district, tliat by it an overflow of air from 
the Caribbean Sea into the Great South Sea is often caused, 
bringing danger to the voyager in the so-called Pacific 

Even under the Spanish Government in 1781, the Spanish engi¬ 
neer, Don Joed Galisteo, had found for the surface of the Laguna of 
Nicaragua an elevation only six feet greater than that given by Daily in hia 
different leveliiuga in 1838 (Humboldt, Bdatim IlUtoriqvie, t. iii, p. 821). 
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Ocean. The north-east storms thus excited have received 
the name of Papagayos^ and sometijnes rage without inter¬ 
mission for four or five days. They have the remarkable 
peculiarity that, during their continuance the sky usually 
remains qiiite cloudless. The name is borrowed from the part 
of the west coast of Niciiragua between Brito or Cabo 
Desolado and Punta S. Elena (from 11° 22' to 10° 50'), 
which is called Golfo del Papagayo, and ineliidt^s the siniill 
bays of Salinas and S. Elena to the soutli of the Puerto 
' de San Juan del Sur. On my voyage from Guayaquil to 
Acapulco, I was able to observe the Papagayos in all their 
violence and peculiarity for more than two whole days 
(9th—11th March, 1803), altliough rather more to the 
south, in less than 9° 13^ of latitude. The waves rose 
higher than I have ever seen them ; and the constant visi¬ 
bility of the disc of the sun in the bright, blue arch of hea¬ 
ven, enabled me to measure the heiglit of the waves by alti¬ 
tudes of the sun taken upon the ridge of the wave and 
in the trough, by a method which had not been tried at 
that time. All Spanish, English®®, and American voyagers 
ascribe the above-described storms of the Southern Ocean 
to the north-east trade-wind of the Atlantic. 

In a now work®® which I have undertaken with much 

See Sir Edward Belcher, Voyagn round the World, vol, i, p, 185. 
According to iny chronometric longitude I was iu the Papagayo-stonn 
IS)® 11' to the west of the moiidian of Guayaquil, and consequently 
99® 9' west, and 880 miles west of the shore of Costa Rica. 

My earliest work upon aoventeen linear volcanoes of Guatemala 
and Nicaragua is*containcd in the Geographical Journal of Berghans 
{^Hertha, Bd. vi, 1826, pp. 131—161). Besides the old Chronista 
Puentes (lib. ix, cap. 9), I could then only make use of the important 
work of Domingo Juarros, Compendio de la Historia de la Ciudad dc 
Guatemala, and of the three maps by Galisteo (drawn in 1781, at the 
command of the Mexican Viceroy, Matias do Galvez), by J<jsd Rossi y 
Rubi (Alcalde Mayor de Quatetnala, 1800), and by Joaquin Ysasi and 
Antonio de la Cerda (Alcalde de Granada) which I possessed princi¬ 
pally in manuscript. In the French translation of his work upon the 
Canary Islands, Leopold von Buch has given a masterly extension of 
my first sketch (Descr, Physique dea Isles Canaries, 1836, pp, 500—514). 
but the uncerbxinty of geographical synonyms and the confusion of 
names caused thereby gave rise to many doubts, which have been for 
the most part removed by the fine maps of Baily and Saunders; by 
Molina’s Bosquejo de la Republica de Costa Rica, and by the great anv; 
very meritorioua work of Squier (Nicaragua, its People and MmumenU^ 
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assiduity,—partly from materials already published, and 
partly from manuscript notes,—upon the linear volcanoes 

with Tables of the Comparative Heights of the Mountains in Central 
America^ 1852, vol. i, p. 418, and vol. ii, p. 102). The important work 
which is promised us by Dr. Oeratedt, under the title of Schilderung 
tier Naturverhdltnhse von Nicaragua und Costa Him, besides the 
admirable botanical and geological discoveries which constitute the 
primary object of the undertaking, will also throw light upon the 
geognostic nature of Central America. Dr. Oersted ]:)assed through 
that region in various directions from 1846 to 1848, and brought 
back a collection of rocks to Copenhagen. I am indebted to his 
friendly communications for interesting corrections of my fragmen¬ 
tary work. From a careful comparison of the matonals with which I 
am acquainted, including those collected by Hesse, the Prussian 
Consul-General in Central America, which are of great value, I bring 
together the volcanot-s of Central America in the following manner, 
proceeding from soutli to north •— 

Above the central plateau of Cartago (1648 feet), in the republic of 
Costa Rica (lat. 10° 9') rise the three volcanoes of Turrialva, Irasu, and 
Reventado, of whicli the first two are still ignited. 

Volcan de TumalmC (height about 11,000 feet) is, according to 
Oersted, only separated from the Irasu by a deep, narrow ravine. 
Its summit, from which columns of smoke rise, has not yet been 
ascended. 

The volcano Irasu*, also called the volcano of Cartago (11,100 feet) 
to the north-east of the volcano Reventado, is the principal vent 
of volcanic activity in Costa Rica, but still remarkably accessible, 
and towards the south divided into terraces in such a manner that 
one may on horseback, almost reach the elevated summit, from 
which the two oceans, the sea of the Antilles and the Pacific, may be 
seen at once The cone of ashes and rapilli, which is about a thou¬ 
sand feet in height, lisesont of a wall of circumvallatiou (a crater of 
elevation), la the flatter, north-eastei n |)art of the sut%nut, lies the 
true crater, of 7500 feet in circumference, which has never emitted 
lava-streams. Its eruptions of scoriie have often (1723, 1726, 1821, 
1847) been accompanied by destructive earthquakes, the effect of 
which has been felt from Nicaragua or Rivas to Panama (Oersted), 
During a very recent ascent of the Irasu, in the beginning of May, 
1855, by. Dr. Carl Hoffmann, the crater of the summit and its 
eruntive orifices have been more accurately investigated. The 
altitude of the volcano is stated from a trigonometrical measure- 

' ment by Galindo, at 12,000 Spanish feet, or, taking the vara 
casi,=0.43 of a toisc, at 11,000 feet, {Bonplandia, Jahrgang, 1856^ 
No. 3). 

El Reventado (about 9500 feet), with a deep crater, of which the 
southern margin has fallen in, and which was formerly filled with 
water. 
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of Central America, twenty-nine volcanoes are nnmtered, 
whose former or present varied activity may be stated 

The volcano Barba (more than 8419 feet), to the north of San 
JoB^, the capital of Costa Rica; with a crater which contains 
several small lakes. 

Between the volcanoes Barba and Orosi, there follows a series of 
volcanoes which intersects the principal chain, running S.E.—N.W. 
in Costa Rica and Nicaragua, almost in the opposite direction, east and 
west. Upon such a fissure stand, furthest to the eastward, Miravalles 
and Tenorio (each of these volcanoes ia about 4689 feet); in the centre, 
to the south-east of Orosi, the volcano llhcon, also called Rincon de la 
Vieja* (Squier, vol, ii, p. 102) which exhibits small eruptions of aahes 
every spring at the commencement of tlie rainy season; and furthest to 
the westward, near the little town-of Alajuela, the volcano Votos^ 
(7513 feet) which abounds in sulphur. Dr. Oersted compares this 
phenomenon of the direction of volcanic activity u}>on a transverse 
fissure, with the cast and west direction, which I found in tbo Mexican 
volcanoes from sea to sea. 

(h*osi* still active, in the most southeiTi part of the State of Nica 
ragiia (5222 feet); probably the V^olcan del Papa^fa^o, on the chart of 
the Deposito Ilidrograjico. 

The two volcanoes, Mandeira and Ometepeo* (4157 and 5222 feet) 
upon a small island in the western part of the Jjagiina de Nicaragua, 
named by the Aztec inhabitants of the district after these two moun¬ 
tains (ome tepcil signifies two mountains; see Buschmann, Aztehlsche 
Ortsna^nen, pp. 178 and 171). The insular volcano Ometepec, erro¬ 
neously named Oinetep hy Juarros {Hint, dc Guatemala, t. i, p. 51), is 
still in activity. It is figured by Squier (vol. ii, p. 235). 

, The extinct crater of the island Zapatera, but little elevated 
above the sea-level. The period of its ancient eruptions is quite 
unknown. 

The volcano of AfomobacJio, on the western shore of tho Laguna dc 
Nicaragua, somewhat to the south of the city of Granada. As this city 
is situated between the volcanoes of Momobacho (tho place is also 
called Mombaches Oviedo, Nicaragua, ed. Ternaux, p. 245), and Masaya, 
the pilots indicate sometimes the one and sometimes the other of 
these conical mountains by tho indefinite name of the Volcano of 
Granada. 

The volcano Mansaya (Masaya) which has already been treated of in 
detail (pp. 258 — 261) was once a Stromboli, but has been extinct 
since the great eruption of lava in 1670. According to the interesting 
reports of Dr. Scherzer (Sitzungsherichteder Philos. Hist. Classe derAhad. 
der Wins, zu Wieiiy Bd. xx, s. 58) dense clouds of vajxjur were again 
emitted in April, 1853, from a newly opened crater. The volcano of 
Massaya is situated between the two lakes of Nicaragua and Managua 
to tho west of the city of Granada. Massaya ia not synonymous with 
Nindiri; but, aa Dr. Oersted expresses himself, Massaya and Nindiri^"^ 

VOL. V. T 
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with certainty. The natives make the number more 
than one-third greater, taking into account a quantity 

form a twin volcano, with two summits and two distinct craters, both 
of which have furnished lava-atreams. The lava-atroam of 1776 from 
the Nindin reachet^ the lake of Managua. The equal height of these 
two volcanoes, situated so close to each other, is stated at only 246a 
feet. 

Yohan dt Momoiovnbo* (7034 feet), burning, and often giving forth 
a thundering noise, but without smoking, in hit. 12® 28', at the north¬ 
ern extremity of the L<aguua de Managua, opposite to the small island 
Momotombito, so rich in 8cul})tures (see the representation of Momo- 
tombo in Squier, vol. i, pp, 233 and 302—312). The Laguna de 
Managua lies 28 feet higher than the Laguna de Nicaragua, which 
is more than double its size, and has no insular volcano. 

From hence, to the Bay of Fonseca or Conchagua, at a distance of 23 
miles from the coast of the Bacific, a line of six volcanoes runs from 
S.E. to N.W.; closely approximated to each other and bearing the 
common name of los Maribios (Squier, vol. i, p. 419; vol. ii, p. 123). 

El NuevOy’^ erroneously called Volcau de las Pilas, because the erup¬ 
tion of the 12th April, 1850, took place at the foot of this mountain; u 
great eruption of lava almost in the plain itself! (Squier, vol. ii, 
pp. 105—110). 

Volcan de TeZica,* visited, during its activity, by Oviedo as early as 
the sixteenth century (aboiit 1529), to the east of Chinendaga, near 
Leon de Nicaragua,, and consequently a little out of the direction 
previously stated. This important volcano, which emits much sul¬ 
phurous vapour from a crater 320 feet in depth, was ascended, a few 
yeai3B since, by my scientific and talented friend Professor Julius 
Frbbel. He found the lava composed of glassy felspar and auglte 
(Squier, vol. ii, pp. 115—117). At the summit, at an elevation of 
3617 feet, there is a crater, in which the vapours deposit great masses 
of sulphur. At the foot of the volcano is a mud-spring ^Salse?). 

The volcano el Viejo,* the northernmost of the crov?5ed line of 
six volcanoes. It was ascended and measured in the year 1838 by 
Captain Sir Edward Belcher. The result of the measurement was 
6559 feet. A more recent measurement, by Squier, gave 6002 feet. 
This volcano, which was very active^ in Dampier'a time, is still 
burning. The fiery eniptions of scoriie are fiequently seen in the city 
of Leon. 

The volcano Guanacaurey somewhat to the north, without the range 
from el Nuevo to the Viejo, at a distance of only 14 miles from the 
shore of the Bay of Fonseca, 

The volcano Comeguina* upon the cape which projects at the south¬ 
ern extremity of the Bay of Fonseca (lat. 12° 60'), celebrated for the 
fearful eruption, preceded by earthquakes, of the 23rd January, 1836. 
The great darkiiccjs during the fall of ashes, similar to that which has 
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of old eruptive basing, which were probably only lateral 
eruptions on the declivity of one and the same mountain. 

Bornetimes been caused by the volcano Pichincha, lasted for 43 hours. 
At a distance of a few feet, firebrands could not be perceived. Respi¬ 
ration was obstructed, and a sabteirancau noi.se, like the discharge of 
heavy artillery, was heard not only in Balize on the })eniusula of 
Yucatan, but also upon the coast of Jamaica, and upon the plateau of 
Bogotd, in the latter case at an elevation of more than 8500 feet above 
the sea, and at a distance of nearly five hundred and sixty geographical 
miles (Juan Galindo, in Sillimaifs American Journal, vol. xxviii, 1835, 
pp, 332—336 ; Acosta, Viajes d lost Andes, 1849, p. 66, and Sqtiier, 
vol, ii, pp. 110—113; fig\ires pp. 163 and 165). Darwin (Jownial of 
Researches during the Voyage of the Beagle, 1845, p. 291) calls attention 
to a remarkable coincideuce of phenomena:—After a long slumber, 
Conseguiua, in Central America, and Aconcagua and Corcovado 
(S. lat. 32and 435°) Chili, broke out on the same day (acci¬ 
dentally ?). 

Volcano of Conchagua, or of Amalapa, at the north of the entrance 
to the Bay of Fonseca, opposite to the volcano Conseguiua, near the 
beautiful Puerto de la Union, the harbour of the ueighbouriug town of 
San Miguel. 

From the state of Costa Rica to the volcano of Conchagua, there¬ 
fore, the close sericR of twenty volcanoes follows a direction from S.E. to 
N.W., but on entering near Conchagua into the State of S;in Salvador 
which, in the short distance of 160 geog, miles exhibits five still more 
or less active volcanoes, the line, like the Pacific coast itself, turns more 
E.S.E.—W.N.W., and indeed almost E.—W., whilst on the eastern, 
Caribbean coast (towards the Cape Gracias d Dios) the land suddenly 
bulges out in Honduras and los Mosquitos (see above, p. 269), It is 
only, as there remarked, to the north of the high volcanoes of Old 
Guatemala, towards the Laguna do Atitlan, that the former general 
direction N. 45* W. ngatu occurs, until at last, in Chiapa, and on the 
isthmus of Tehuantepec, the abnormal direction E,—W. is again mani¬ 
fested, but in non-volcanic chains. Besides Conchagua, the following 
four volcanoes belong to the State of San Salvador :— 

The volcano of San Miguel Bosotlan* (lat. 13* 35'), near the town of 
the same name, the most beautiful and regular of trachytic cones 
next to the insular volcano Ometopec, in the lake of Nicaragua,. 
(Sqiiier, vol. ii, p. 196). Tho volcanic fox’ces are very active in 
Rosotlan, in which a great eruption of lava occuired on the 20 th of 
July, 1844. « 

Volcano of San Vicente,* to the west of the Rio de Lempa, between 
the towns of Sacatecoluca and Sacatelepe. A great eruption of ashes 
took place, according to Juarros, in 1643 ; and in January, 1835, a 
long continued eruption occurred with destructive earthquakes. 

Volcano of San Salvador (lat, 13* 470i near the city of the same 

T 2 
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Amongst the isolated conical and bell-shaped mountains, 
which are there called volcanoes, many may, indeed, consist 

name. The iRst eruption was that of 1656, The whole surrounding 
country is exposed to violent earthquakes ; that of the 16th of April, 
1854, which was preceded by no noises, overthrew nearly all the 
huildings in San Salvador. 

Volcano of Jzalco* near the village of the same name, often pro¬ 
ducing ammonia. The first eruption recorded in history occurred 
on the 23i‘d February, i770; the last widely-luminoua eruptions were 
in April, 1798, 1805 to 1807, and 1825 (see above, p. 261, and Thomp¬ 
son,*0^c/ai Visit t<f Cruatemakif 1829, p. 512). 

Volcan de Pacaya* (lat. 14® 23'), about 14 miles to the south-east 
of the city of New Guatemala, on the small Alpine lake Amatitlan, a 
very active and often flaming volcano; an extende<l lidge with three 
domes. The great eruptions of 1565, 1651, 1671, 1677, and 1775 are 
known; the last, which produced much lava, is described by Juarros 
as an eye-witness. 

Next 'follow the two volcanoes of Old Guatemala, with the sin¬ 
gular api)ellations de Ayua and de Fueyo, near the coast, in latitude 
14 ° 12 '. 

Volcan de Affita, a trachytic cone near Escuintla, higher than the 
Peak of Teuenfle, surrounded Ijy masses of obsidiaji (indications of old 
eruptions?). The volcano, which reaches into the region of perpetual 
snow, has received its name from the circumstance that, in September, 
1541, a great inundation (caused by earthquake and the melting of 
snow?) was ascribed to it; this destroyed the first established city of 
Guatemala, and led to the building of the second city, situated to the 
north-north-west, and now called AniUjna Guatemala. 

Vhlcan de Fuego* near Acatenango, 23 miles in a west-north-west 
direction from the so-called water-volcano. With regard to their rela¬ 
tive position, see the I'are map of the Alcalde Mayor, JDon Jos^ Ilossi y 
liubi, engraved in Guatemala, and sent to me thence as a present: 
Bosqui'jo del espacio qne media enirc los estremos de la Bfovincia de 
Surhitepeques y la Capital de Guatemala, 1800. The Volcan de Fuego 
is still active, but now much less so than formerly. The older great 
eruptions were those of 1581, 1586, 1623, 1705, 1710, 1717,1732, 1737, 
and 1799, but it was not only these eruptions, but also the destruc¬ 
tive earthquakes which accompanied them, that moved the Spanish 
Government in the second half of the last century to quit the second 
seat of the city (where the ruins of la Antigua Guatemala now stand), 
and compel the inhabitants to settle further to the north, in the new 
city of Santiago de Guatemala. lu this case, as at the removal of 
Riubamba, and several other towns near the volcanoes of the chain of 
the Andes, a dogmatic and vehement disjtute was carried on in reference 
to the difficult selection of a locality “ of which it might be asserted, 
according to i>revioiis experience, that it was but little exposed to the 
action of neighbouring volcanoes (lava-streams, eruptions of ecoriee ainj 
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of trachyte and doleritc, but having always been unopened, 
have never exhibited any igneous activity since the time of 
their upheaval. J^Jiqliteen are to be regarded as still active j 
seven of these have thrown up flames, scorijE and lava- 
streatus in the present century (1825, 1835, 1848, and 
1850); and tivo^ at the end of the last century (1775 and 
1799). The deficiency of lava-streams in the mighty vol¬ 
canoes of the Cordilleras of Quito has recently given occa¬ 
sion to the repeated assertion that this deficiency is equally 
general in the volcanoes of Central America. Certainly, 
in the majority of cases, eruptions of scori:e and ashes have 
been unaccompanied by any eflusion of lava—as for exam- 

ear thqnakes!)” In 1852, during a great eruption, the Volcan de Fuego 
]50ured forth a lava-stream towards the shore of the Pacific. Captain 
Basil Hall rneasured, under sail, both the volcanoes of Old Guatemala, 
and found for the Volcan de Fuego 14,665 feet, and for the Volcan de 
Agua, 14,908 feet. The foundation of this measurement has been 
tested by Poggeudorlf. He found the mean elevation of the two moun¬ 
tains to be loss, and reduced it to about 13,109 feet. 

Volcan de Qiitmltenango* (lat 15° 10'), burning since 1821, and 
smoking, near the town of the same name; the three -conical moun¬ 
tains which bound the Alpine lake Atitlan (in the mountain chain of 
Solola) on the south, are aho said to be ignited. The volcano of 
Tajamulco, referred to by Juarros, certainly cannot be identical with 
the volcano of Quesaltenango, as the latter is at a distance of 40 geog, 
miles to the N.W., of the village of Tajamulco, to the south of Tejutla. 

What are the two volcanoes of Sacatepeques and iSapotitlaiij men¬ 
tioned by Fuuel, or Bruo's Volcan de AMilpaa] 

The great volcano of f^oconuaco, situated on the borders of Chiapa, 
28 geog. miles to the south of Ciudad Real, in lat. 16° 2'. 

At the close of this long note I think 1 must ^gaiu mention that the 
barometric determinations of altitude here adduced arc partly derived 
from Espinache, and j»artly borrowed from the writings and maps of 
Baily, Squier, and Molina. 

The following 18 volcanoes, constituting therefore nearly the half 
of all those referred to by rue as active in foi-mer or present times, are 
to be regarded as at present more or less active :—Irasu and Turrialva, 
near Cartago, el Rincon do la Vieja, Votos(?) and Orosi; the insular vol¬ 
cano OmetepeCjNindiri, Momotomba, el Nuevo, at the foot of the trachytic 
mountain Las Pilas, Telica, el Viejo, Couseguiua, San Miguel Boeotian, 
San Vicente, Izalco, Pacaya, Volcan de Fuego (de Guatemala), and 
Quesaltenango. The most recent eruptions are those of el Nuevo, near 
las Pilas, on the I8th April, 1850; San Miguel Bosotlan, 1848; Conse- 
guina, and San Vicente, 1835; Izalco, 1825; Volcan de Fuego, near 
New Guatemala, 1799 and 1852; aud Pacaya, 1775. 
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pie, at present in the volcano of Tz.ilco ; but the descrip¬ 
tions which have been given by eye-witnesses of the lava- 
producing einiptions of the four volcanoes, Nindiri, el Nuevo, 
Conseguina, and San Miguel de Bosotlan, give an opposite 
testimony®®. 

I have purposely dwelt at length upon the details of the 
position and close approximation of the linear volcanoes of 
Central America, in the hope that some day a geognosist, 
who has previously given a profound study to the active 
volcanoes of Europe, and the extinct ones of Auvergne, 
the Vivarais or the Eifel, and who also (this is of the ' 
greatest importance) knows how to describe tue mineral- 
ogical composition of tlm dillcrent rocks in accordance 
with the present state of our knowledge, may feel himself 
impelled to visit this region, which is so near and so 
accessible. Even if the traveller should devote himself 
exclusively to geognostic investigations, there still remains 
much to be done here,—especially the oryctognostic deter¬ 
mination of the trachytic, doleritic, and melaphyric rocks j 
the separation of the primitive mass upheaved, and of the 
portion of the elevated mass which has been covered over 
by subsequent eruptions ; the seeking out and recognition 
of true, slender, uninternipted lava-streams, which are only 
too frequently cordbunded with accumulations of erupted 
scoriae. Conical mountains, which have never been opened, 
rising in a dome or bell-like form, such as Chimborazo, are 
therefore to he clearly separated from volcanoes which have 
been, or still are, active, throwing out scorije and lava- 
streams, like Vesuvius and Etna, or scorije and a«hes alone, 
like Pichiucha or Coto})axi. I know nothing that promises 
to impart a more brilliant impetus to our knowledge of vol¬ 
canic activity, which is still very deficient in multiplicity 
of observations in large and connected continental districts. 
As the material results of such a labour, collections of 
rocks would be brought home from many isolated, true vol- 

Compare Squier, Nicaragua, vol, ii, p. 103, with pp. 106 and IH, 
as also his previoiis small work On the Volcanoes of Central America, 
1850, p. 7; Leopold de Buch, lies Canaries, p. 606, where reference 
is mcide to the lava-stream which broke out of the volcano Nindiri in' 
1775, and which has been recently again seen by a very scientifib ob¬ 
server, Dr. Oersted. 
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canoes, and unopened trachytic cones, togetlicr -with the 
non-volcanic masses which have been broken through by 
both; the subsequent chemical analyses, and the chemico- 
geological inlerences deduced from the analyses, would open 
a field equally wide and fertile. Central America and Java 
have the unmistakeable superiority over Mexico, Quito, and 
Chili, that in a greater sy>acc they exhibit the most variously 
formed and most closely approximated stages of volcanic 
activity. 

At the point where the characteristic series of the vol¬ 
canoes of Central America terminates on the borders of 
Chiapa with the volcano of Soconusco (lat. 16'^ 2'), there 
commences a perfectly different system of volcanoes—the 
Mexican. The isthmus of Tluasacualco and Tehuantepec, 
so important for the trade with the coast of the Pacific, 
like the state of Oaxaca, situated to the north-west, is en¬ 
tirely without volcanoes, and, perhaps, even destitute of un¬ 
opened tracliytic cones. It is only at a distance of 160 geog. 
miles from the volcano of Soconusco, that the small volcano of 
Tuxtla rises near the coast of Alvarado (lat. 18° 28'). Situated 
on the eastern slope of the Sieiva de San Martin, it had a 
great eruption of flames and ashes on the 2nd of March, 1793. 
An exact astronomical determination of the position of the 
colossal snowy mountains and volcanoes in the interior of 
Mexico (the old Anahuac) led me, after my return to 
Europe, while inserting the maxima of elevations in my 
chart of New Spain, to the exceedingly remarkable result, 
that there is in this place, from sea to sea, a parallel of the 
volcanoes and greatest elevations which oscillates by only 
a few minutes to and from the parallel of 19°. The only 
volcanoes and, at the same time, the only mountains covered 
with perpetual snow in the country, and consequently ele¬ 
vations -varying from 12,000 to 3,000 feet,—the volcanoes 
of Orizaba, Popocatepetl, Toluca, and Colima,—lie between 
the latitudes of 18° 69'and 19° 20', and thus indicate the 
direction of a fissure of volcanic activity of 360 geog. miles 
in length". In the same direction (lat. 19° 9'), between the 

See all the bases of these Mexican local determinations, and 
their comparison with the observations of Don Joa(juin Ferrer, in my 
Jiecueil d'Observations Astron, vol. ii, pp. 521, 629, and 536—550, and 
£si,ai Politique sur la Nouvelle-Mspayne, t. i, pp. 56—59, and 176, t. ii. 



2S0 


COSMOS. 


volcanoes of Toluca and Colima, at a distance of 116 and 
128 geog. miles from them, the new volcano of Jorullo (4265 
feet) rose on the 14th Se|)teinbcr, 1759, in a broad plain, 
having an elevation of 2583 feet. The local position of this 
phenomenon in relation to the situation of the other Mexican 
volcanoes, and the circumstance that the fissure from east 
to west which I here indicate intersects the direction of 
the great mountain chain striking from south-south-east to 
north-north-west almost at right angles, are geological 
phenomena no loss important than the distance of the 
eruption of Jorullo from the seas, the evidences of its up¬ 
heaval which I have repi'esent^d graphically in detail, the 
innumerable fuming hornitos which surround the volcaiio, 
and the fragments of granite, which I found immersed in 
the lava poured fortli from the pnnci 2 :)al volcano of Jorullo, 
in a district which is destitute of granite for a long dis¬ 
tance. 

The following table contains the special local determina¬ 
tions and elevations of the series of volcanoes of Ana- 
huac, upon a fissure which, running from sea to sea, inter¬ 
sects the fissure of elevation of the great range of moun¬ 
tains :— 

p. 173. I bad myself early raised doubts with regard to the astrono¬ 
mical determination of the po>sition of the volcano of Colima, near the 
coast of the Pacific (Esmi Poiit. t. i, p. 68, t. ii, ]> 180). According to 
angles of altitude taken by Captain Basil Hall while under sail, the 
volcano is situated in lat. 19*^ 36', and coiiaetpiently half a degree further 
north than I concluded to be its position from Itineraries; certainly 
without absolute determinations for Selagua and IVtatlau, upon which 
I depended. The latitude, 19“* 25', which I have given in^e text, ia, 
like the determination of altitude (12,005 feet), from Ca])taiii ’ echey 
( Voyage, pt. ii, p. 587). The mosu recent map by Laurie {The Ai ica?^ 
and Central Stales of America, 1853) gives 19° 20' for the latitude. 
The latitude of Jorullo may also be wrong by 2—3 minutes, as I was 
then occupied entirely with geological and topographical investigations, 
and neither the sun nor stars were visible for determinations of latitude, 
(See Basil Hall, Journal written on the Coast of Chili, Peru, and Mexico, 
1824, vol. ii, p. 379; Beechey, Voyage, pt. ii, p. 587; and Humboldt, 
Essai PoliL t. i, p. 68, t. ii, p. 380). Jn the true and exceedingly 
artistic views of the volcano of Colima, drawn by Moritz Rugendas, 
which are preserved in the Berlin Museum, we distinguish two adjacent 
mountains,—the true volcano, which constantly emits smoke, and is 
covered with but litHo snow, and the more elevated Nevada, which 
rises far into the region of perpetual snow. 
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Sequence from E. to W. 

Latitude, 

Elevation 
above the sea 
in feet. 

Volcano of Orizaba. .,. 
Nevado Tztaccihuatl .. 
Volcano Popocatepetl .. 
V'olcano of Toluca .... 
Volcano of Jorullo .... 
Volcano of Colima .... 

19" 2' 17" 

19 10 3 

18 59 47 

19 11 33 

19 9 0 

19 20 0 

17,879 

15705 

17726 

15168 

4265 

12005 


The prolongation of the parallel of volcanic activity in 
the tropical zone of Mexico, leads, at a distance of 50G 
miles westwai'd from the shores of the Pacific to the insnlnr 
a'oiip llcvillagigedo, in the vicinity of which Colhiet saw 
pumice-stone floating, and perha})s still farther on, at a dis¬ 
tance of 33C0 geog. miles to the great volcano Miuma Roa 
(19"^ 28'), without causing any upheaval of islands in tho 
jutcrveniiig space! 

The grou]> of linear volcanoes of Quito and New (Iranada 
mcludes a volcanic zone which extends from 2'' S. lat. to 
nearly 5"^ N. lat. Tho extreme boundaries of the area iu 
the reaction of the interior of the earth upon its sur- 
*aco js now manifested, are the uninterruptedly active SaJi- 
av. and the Paramo and Volcan de Ruiz, the most recent 
(> . ilUigratiun of wliicli was in the year 1829, and which was 
, •' M sir'-king by Carl Degenhax’dt from the Mina de San- 
uia. in the province of Mariqxxita in 1831 and from Mar- 
inato in 1833. Tho most remarkable traces of great enxp- 
tive phenomena xxcxt to the Ruiz, ax*e exhihitefl from north 
to south, by the truncated cone of the volcano of Tolima 
(18,129 feet), celebrated by the recollection of the destruc¬ 
tive eruption of the 12th Max'ch, 1595 ; the volcanoes of 
Purac4 (17,006 feet) and Sotara near Popayaii; that of 
Pasto (13,450 feet), near the city of the same name; of 
the Monte de Azufi*e (12,821 feet), near Tuqueires; of 
Cumhal (15,618 feet), and of Chiles, in the px'ovince do los 
Pastes ; then follow the historically celebrated volcanoes of 
the true high land of Quito, to the south of the equator, of 
which four,—namely, Pichiucha, Cotopaxi, Tuagurahua,aixd 
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Sangay,—certainly cannot be regarded as extinct volcanoes. 
Although to tlie north of the mountain group of the 
Robles, near Popayan, as we sliaU shortly more fully show 
in the tripartition of the vast chain of the Andes, it 
is only the central Cordillera, and not the western one, 
nearer to the sea-coast, that exhibits a volcanic activity ; 
on the other hand, to the south of this group, where the 
Andes form only two parallel chains, so frequently men¬ 
tioned by Bouguer and La Condamine in their writings, 
volcanoes arc so equally distributed, that the four volcanoes 
of the Pastes, as well as Cotocachi, Pichincha, iliniza, Car- 
guairazo, and Yana-Urcu, at the foot of Chimborazo, have 
broken out upon the western chain, nearest to the sea; and 
upon the eastern Cordillera, Imbabnra, Cayambe, Antiaana, 
Cotopaxi, Tungurahua (opposite to Chimborazo towards the 
east, but still nearly approximated to the middle of the 
narrow elevated plateau), the Altar de los Gollanes (Capac- 
Urcu), and Sangay. If we inchide the northernmost group 
of the linear volcanoes of South America in one view, the 
opinion so often expressed in Quito, and to a certain extent 
founded on historical documents, of the migration of the 
volcanic activity and increase of intensity from north to 
south, acquires, at all events, a certain amount of proba¬ 
bility. It is true that in the south, and indeed close to the 
colossal Sangay, which acts like Stromboli, we find the ruins 
of the “ Prince of Mountains,” Capac-XJrcu, which is said 
to have exceeded Chimborazo in height, b\it which fell in 
and became extinct in the latter part of the fifteenth cen¬ 
tury (fourteen years before the capture of Quito J>y the son 
of the Inca Tupac Yupangui), and has never again resumed 
its former activity. 

The space of the chain of the Andes which is not occupied 
by groups of volcanoes is far greater than is usually sup¬ 
posed. In the northern part of South America, from the 
Volcan de Ruiz and the conical mountain Tolima, the two. 
most northern volcanoes of the series of New Granada and 
Quito, over the isthmus of Panama as far as the vicinity 
of Costa Rica, where the series of volcanoes of Central 
America commences, there is a country which is frequently 
and violently convi\lsed by earthquakes, and in which 
flaming salses, but no true volcanic eruptions, are known. 
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The len^b of this tract amounts to G28 geo". miles. Nearly 
double this length (occupying a space of 968 geog. miles) is 
a tract of country free from volcanoes, from the Sangay, the 
southern termination of the group of New Granada and 
Quito, to the Chacani, near Arequipa, the commencement of 
the series of volcanoes of Peru and Bolivia. So conqdi- 
cated and various in the same mountain chain, must have 
been the coincidence of the conditions upon which depend 
the formation of permanently open fissures, and the unim¬ 
peded communication of the molten interior of the earth 
with the atmosphere. Between the groups of trachytic and 
doleritic rocks, through which the volcanic forces become 
active, lie rather sboii;er spaces, in which prevail granite, 
syenite, mica-schists, clay-slates, quartzose porphyries, sili- 
cious conglomerates, and limestones, of which (according to 
Leopold von Bach’s investigation of the organic remains 
brought home by .Dcgenhardt and myself), a considemble 
portion belong to the chalk formation. The gradually in¬ 
creased frequency of labradoritic rocks, rich in pyroxene 
and oligoclase, announces to the observant traveller (as I 
have already elsewhere shown) the transition of a zone 
hitherto closed and non-volcanic, and often very rich in 
silver in porphyries, destitute of quartz and full of glassy 
felspar, into the volcanic regions, which still freely commu¬ 
nicate with the interior of the earth. 

The more accurate knowledge whi^h we have recently 
attained of the position and boundaries of the five groups 
of volcanoes (the grouj)S of Anahuac or tropical Mexico, 
of Central America, of New Granada, and Quito, of Peru 
and Bolivia, and of Chib) shows that, in the part of the 
Cordilleras which extends from 19}^° north, to 46“ south 
latitude, (and, consequently, taking into account the curves 
caused by alterations in the axial direction, for a distance 
of nearly 5000 geog. miles,) , not much’® more than half 

^ The following is the result of the determination of the length and 
latitude of the five groups of linear volconoea in the chain of the Andes, 
as also the statement of the distance of the groups from each other: 
a statement illustrating the relative proportions of the volcanic and 
aon-volcanic areas. 

I, Ch'oup of the Mexican VoUanoet; The fissure upon which the 
Volcanoes have broken out is directed from cast to west, ivovs^ 
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(calculation gives 2540 against 2428 geog. miles)‘is occupied 
by volcanoes. If we examine the distribution of the space 

the Orizaba to the Colima, for a distance of 392 geo^^, miles, be¬ 
tween latitudes 19® and 19° 20'. The Volcano of Tuxtla lies 
isolated 128 miles to the oast of Orizaba, near the coast of 
the Gulf of Mexico, and in a parallel (18® 28') which is half a 
degree further south. 

II. Distance of the Mexican group from the next group, that of 
Central America (from the volcano of Orizaba to the volcano of 
Soconusco, in the direction E.S.E.—W.N.VV.) 300 miles. 

III. Group of the Volcanoes of Central Amerirti: Its length from S.E. 
to N.W,, from the volcano of Soconusco to Turrialva, in Costa 
Rica, more than 680 miles, 

IV. Distance of the group of Central America from the series of 
volcanoes of New Granada and Quito, C28 miles. 

V. Group of the Volcanoes of New Granada and (luito: Its length 
from the eruption in the Paramo de Ruiz to the north of the 
Volcan de Tolima, to the volcano of Sangay, 472 miles. The 
portion of the chain of the Andes between the volcano of PiiracS, 
near Popayan, and the Boutheni part of the volcanic mountain 
group of Pasto is directed N.N.E.—S.S.W. Far to the eastward 
from the volcanoes of Popayan, at the sources of the Rio Fragua, 
there is a very isolated volcano, which I have inserted upon my 
general map of the mountain group of the South American 
Cordilleras, from the statements of missionaries from Timana, 
which were communicated to me : distance from the sea-shore, 
152 miles. 

VI. Distance of the volcanic group of New Granada and Quito, from 
the group of Peru %nd Bolivia, 960 miles, the greatest length 
destitute of volcanoes. 

VII. Group of the Series of Volcanoes of Pern and Bolivia, from the 
Volcan de Chacani and Arequij)a to the volcano Atacama 
(leJ-®—21^®) 420 miles. 

VIII. Distance of the group of Peru and Bolivia from the volcanio 
group of Chili, 640 geog. miles. From the portion of the desert of 
Atacama, on the border of which the volcano of San Pedro rises, 
to far beyond Copiapo, even to the volcano of Coquirabo (30® 5'), 
in the long Cordillera to the west of the two provinces Catamarca 
and Rioja,there is no volcanic cone. 

IX. Group of Chili, from the volcano of Coquimbo to the volcano 
San Clemente, 968 miles. 

These estimates of the length of the Cordilleras, with the curvature 
which results from the change in the direction of the axis, from the pa¬ 
rallel of the Mexican volcanoes in 19^® of north latitude, to the volcano of 
San Clemente in Chili (46® 8' S. lat.), give for a distance of 4968 miles, 
a c'pace of 2540 miles which is covered by five linear groups of volcanoes 
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free from volcanoes between the five volcanic cronps, we 
find the maximum distance of two groups from one another 
between the volcanic series of Quito and Peru. This is 
fully 9GO miles, whilst the most closely approximated 
groups are the fii*st and second, those of Mexico and Cen¬ 
tral America. The four interspaces between the five groups 
are severally 300, 6:i8, 960, and 540 miles. The great dis¬ 
tance of the soiiiherumost volcano of Quito from the most 
northern of Peru, is, at the first glance, the more remark¬ 
able, becau'^e, according to old custom, we usually term the 
measurement of degrees upon the high laud of Quito, the 
Peruvian measureme it. Only a small southern portion of 
the Pom vim chain of the Andes is volcanic. The number 
of volcanres, ac o* ling to the lists which f have prepared 
after a cartful critici&m of the newest matiTials, is as fol¬ 
lows :— 


Names of the five groups of linear Vol¬ 
canoes of the New Continent, from 
19® 25' noith, to 46® 8' south 
latitude. 

No. of Volca 
noes included 
in each gi oup 

No. of Volca¬ 
noes which are 
t?o beiegarded 
as still Ignited. 

Group of Mexico’^. 

6 

4 

Group of Central America'’' .... 

29 

18 

Group of New Gratiaila and ) 
Quito”. / 

18 

10 

Group of Peru and Bolivia”.... 

14 

3 

Group of Chili'’®. 

24 

13 * 


(Mexico, Central America, New Granada with Quito, Peru with BoliviB, 
aud Chili); and a space probably quite free fiom volcanoes of 2428 
miles. The two spaces are neaily equal. I have given very definite 
numerical relations, as obtained by the careful cnticibin of my own 
maps and those of others, in order to give rise to a greater desire to 
improve them. The longest poition of the Cordilleras free from vol¬ 
canoes is that between the groups of New Granada with Quito and 
Peru with Bolivia. It is accidentally equal to that occupied by the 
volcan<^es of Chili. 

The group of volcanoes of Mexico includes the volcanoes of 
Orizaba,* Popocatepetl,* Toluca (or Ceiro de San Miguel de Tutucuitla- 
pilao), Jorullo,* Colima,* and Tuxtla.* Here, as in similar lists, the 
still active volcanoes are indicated by asterisks. 
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According to these data the total number of volcanoes in 
the five American groups is 91, of which 56 belong to the 

The series of volcanoes of Central America is enumerated in the 
notes 66 and 67. 

^ The group of New Granada and Quito includes the Paramo y 
Volcan de Kuiz,* the volcanoes of Tolima, Puracd,* and Sotard, near 
Popayan; the Volcan del Rio Fragua, an affluent of the Caqueta; the 
volcanoes of Paste, el Azufral,* Ciimbal,* Tuqnerres,* Chiles, Imha- 
buru, Cotocachi, Rucu-Pichiiicha, AntiBana(?), Cotopaxi,^ Tungurahua,* 
Capac-Urcu, or Altar de los Collanes(?), and Saugay.* 

7* The g^oup of Southern Peru and Bolivia, includes from north to 
south the following 14 volcanoes:— 

Volcano of Chacani (also called Charcani^ according to Curzon and 
Meyen), belonging to the group of Arequipa and visible from the 
town; it is situated on the right bank of the Rio Qiiilca, in 
lat. 16“ 11', according to Pentland, the most accurate geological 
observer of this region, 32 miles to the south of the Nevado de 
Chuquibamba, which is estimated at more than 19,000 feet in 
height. Mamiaoript records in my possession give the volcano of 
Chacani a height of fully 19,601 foot. Curzon saw a large crater 
in the south-eastern part of the summit. 

Volcano of Arequipa* lat. 16“ 20', 12 miles to the north-east 
of the town. With regard to its height (18,879 feet?) see p. 252. 
Thaddaus Hiinkc, the botanist of the expedition of Malaspina 
(1796), Samuel Curzon from the United States of North America 
(1811) and Dr. Weddell (1847) have ascended the summit. In 
August, 1831, Meyen saw large columns of smoke rising; a year 

.■ previously the volcano had thrown out scoriae, but never lava- 
streams (Meyen's Reise um die Erde, Th. ii, s. 33). 

Volcan de Omato, lat. 16“ 60'; it had a violent eruption in the year 

Volcan de Uvillas or Uvinas, to the south of Apo; its Iwt eruptions 
were in the sixteenth century. 

Volcan de Pichu-Pichu^ 16 miles to the east'of the town of 
Arequipa (lat. 16° 25'), not far from the Pass of Cangallo, 9673 feet 
above the sea. 

Volcan Viejo, lat 16“ 56', an enormous crater, with lava-streams and 
much pumice-stone. 

The six volcanoes just mentioned, constitute the group of Are¬ 
quipa. 

Vohan de Tacora or Chipicani, according to Pentland’s fine map of 
the lake of Titicaca, lat, 17“ 46', height 19,738 feet. 

Volcan de Sahama,* 22,354 feet in height, lat. 18“ 7'; a trunca^d 
cone of the most reguLar form; see p. 263. The volcano of! 
Bahama is (accerding to Pentland) 927 feet higher than the 
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continent of South America. I reckon as volcanoes, besides 
those which are still burning and active^ those volcanic 

Chimborazo, but 6660 feet lower than Mount Everest in the 
Himalaya, which is now regarded as tho highest peak of Asia. 
According to the last official report of Colonel Waugh, of tho 
1st March, 18.56. the four highest mountains of the Himalayan 
chain are: — Mount Everest (Gaunschanka) to the north-east of 
Katmandu, 29,000 feet, — the Kuntschinjinga, to the north of 
Darjiling, 28,154 feet,—the Dhaulagiri (Dhavalagirir), 26,825 feet, 
and Tschumalari (Chamalari), 23,946 feet. 

✓ 

Volcano of Poiuarape, 21,699 feet, lat, 18® 8', almost a twin moun* 
tain with the following volcano. 

Volcano of Parinacota, 22,029 feet, lat. 18° 12'. 

. The group of the four trachytic conos Saliama, Pomarape, Parinacota, 
and Gualaticri, lying between the parallels of 18° 7'and 18® 26'. is, 
according to Pcntland's trigonometric measurement, higher than Chim¬ 
borazo, or more than 21,422 feet. 

Volcano of Gualatieri* 21,962 feet, lat. 18® 25', in tho Bolivian 
province Carangas; very active, according to Peiitlaud {Hertha, 
Bd. xiii, 1829, a, 21). 

Not far from the Sahama-groupt 18** 7' to 18° 25', tho series of 
volcanoes and the entire chain of the Andes, which lies to the westward 
of it, suddenly change their strike, and pass from the direction 
S.E.—N.W. itito that from north to south, which becomes general a 4 
far as the Straits of Magellan. 1 have treated of this important turning 
point, the notch in the shore neai* Arica (18° 28') which has an analogue 
on the west coast of Africa in the Gulf of Biafra, in the first volume of 
Cosinos, p. 296. 

Volcano of Isluga, lat. 19° 20', in the piovince of Tarapaca, to tho 
west of Carangas. 

Volcan de San Pedro de Atacama^ on the north-eastern border of tho 
Desierto of the same name, in lat. 22° 16', according to the new 
plan of the arid sandy desert {Desierto) of Atacama, by Dr. 
Philippi, 16 miles to the north-oast of the small town of San Pedro, 
not far from the great Novado do Chorolque. 

There is no volcano from 204 ° 80°, and after an interruption of 

more than 668 miles, the volcanic activity first reappear^4u the 
voloano of Coqnirabo. For the existence of a volcano of Copiapo 
(lat, 27® 28') is denied by Meyen, whilst it is asserted by Philippi, 
who is well acquainted with the country. 

Our geographical and geological knowledge of the group of vol¬ 
canoes, which we include in the common name of tho linear volcanoes 
of Chili, is indebted for the first incitement to its completion, and 
even for the completiou itself, to the acute investigations of Captain 
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^prmations whose old eruptions belong to historic periods, 
of which the structure and eruptive masses (craters ot 


Fitzroy in the memorable expedition of the ships -Adventure and 
Beagle, and to the ingemous and more detailed 1 ibours of Charles 
Darwin The lattei, with his peculiar geneiah/ing view, has grasped 
the connexion of the phenomena of eaithquakes md eiuptions of 
volcanoes under one point of view The gieat natui xl phenomenon 
which destroyed the town of Copiapo on the 22nd of Novtmber, 1822 
was accompanied by the upheaval of a considerable tract of country 
on the coast, and duiing the exactly similar phenomenon of the 20th 
Fcbruaiy, 1835 which did so much injury to the city of Concepcion, 
a submaime volcano bxoke out with heiy eruptions near the shore of 
the island of Chiloe, near Bacalao Head xnd riged toi a day and a half 
All this, depending upon siiiiil ir conditions, his also occunod tormerly, 
and strengthens the belief that the senes of rocky islands which lies 
opposite to the Ijorth of the mainland to the south of Valdivia and 
of the Fuute Miullin and includes Cliiloe the Aichipeligo of Chonos 
and Huiyttcis, the Peninsula de Ties Montes, and the Islis de la 
Campana, do li Mulre de Dios, dc Santa Luoii and los Lobos, froln 
39* 53'to the eutiiiice of the Sti uts of Magtllin, is the crest of a 
submerged western Coidilleia projecting above the sea It is true that 
no open trachytio cjno no volcano belmgs to these txdquon 

terns but individuil subinaniie eiiiptioiiR sometime'* followed and 
sometimes pi et edt cl by mighty e irthquakes, appear to indicate 
the existence ot this western fissure (Darwin, On the connexion of 
volcamcpheenomena \he foiniation of mounfam chains, and the effect of 
the same poivers by which continents are elevated in the Tram Oeol 
Society, 2ad senes vol v, pt 3, 1S40, pp 606—615, and 629—631, 
Humboldt, Emil PoliUque sm la Nonvelle E^pagne, t i p 190, and 
t u. p 287) 

The senes of 24 volcanoes included in the group of Chili is as 
follows eounting tiem north to south, fiom the parallel of Coquimbo 
to 46* S lat — 

(a) Between the pai allele of Coqmmho and Valparaiso — 

Volcan de Coquimbo (lit 30® 5 ), Meyen, th i a 385 

Volcano of Limaii 

Volcano of Chuapn 

Volo^oof Aconcagua*, WN,W of Mendoza, lat 32* 39', altitude 
28,<k)4 feet, according to Kellet (See p 263, note), but according 
to the most lecent trigonometric measurement of the engmeei 
Amado Pissis (1854) only 22 301 feet, consequently, rather lower 
than the Sahuna, which Pentland now assumes to be 22,350 feet 
(Gillis, US Natal Asti on Erped to Chih, vol i p 13) The 
geodetic basis of measurement of Aconcagua at 6797 metres, which 
required eight tinngles, has been developed by M Piasis, the 
Anales de la Umoersidad de Chle, 1852, p 219. 


lb 
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eleyatioQ anti eruption, lavas, scoriae, pumice-stones 
obsidians) characttrise them, without referenco to any tril^ 

The Peak of Tupungato is stated by Oilliss to be ?3,450 Engliah, or 
21,063 Pans, feet in height, and in lit 33® 22'J but in the map 
of the province of bantiigo by Pissis (Gilliss p 45), it ib estimated 
at 22,016 English, or 20 665 Pans feet The latter number la re 
tamed (as 6710 metres) by Pissis in the Anales de^Chile, 1850, 
p 12. 

l(6 ) Between the parallels tfValparais > and Concepcion 

Volcano of Mayjiu* according to Gilliss (vol i, p 13), in lat 34® 17', 
(but in his general map of Chili 33® 47', certainly erroneously), 
and 17,662 feet in height Ascended by Mtycn The tiachytio 
rock of tho summit has broken through upper jurassic strita, in 
which Leojiold von Buck detected Lxogyi a 6 u-7on/, Tngonia cos 
tata and Ammonites hi} Icc hom clevitious <.t 9600 feet (Desenp 
tion Physique des lies Canaries lS3b p 471) No lava streams, 
but eruptions of flame md sorie fiom the enter 

Volcano of Peteroa , to the eist of 1 ilca in 1 t 34° 53', a volcano 
which is fiequently in activity and which iccording to Molina’s 
description, had a gieat eiuptun cn tho 3rd Deceinbei, 1762. It 
was visited in 1831 by tho highly gifted nitui diet. Gay 

Vb7can de Chilian, lat 16® 2', a region which has been described by 
the mission iry Havcstidt of Munster In its vicinity is situated 
the Nevado Doscabezido (35® 1'), which w is ascended by Domeyko, 
and which Molmi declired (erroneously) t^ be the highest moun 
tain of Chill Its height has been estimated bj Gilhss at 13,100 
feet {U S Naval A str Eorped , 1855, vol i ip 16 and 371) 

Volcano of Tucapel, to tlie west of the city of Concepcion; also 
called Silla Veluda perhaps an unopened trachytic mountain, 
which IS in connection with the active volcino of Autuco 

(c) Between the parallels of Cosicepcion and Valdivia 

Volcano of Antuco*, lat 37® 7', geognosticnlly described m detail by 
Poppig, a basaltic ciater o5 elevatnn, from the interior of 
which a trachjtic cono iscends, with lava streams, which bleak 
out at the foot of the cone, and more r irely from the crater at the 
summit (Poppig, Beise in Chile and Peru Bd i s 364) One of 
these streams was still dowing in the yeir 1828 The indefatig¬ 
able Domeyko found the volcano m full activij^y in 184&j^d its 
height only 8920 feet (Pentland, in Maiy bomerville*B^&y»caf 
Geography, vol i p 186) Gilhsa states the height at 9242 feet, 
and mentions new eruptions in the year 1853 According to 
intelligence communicated to me by the distinguished American 
astronomer, Gilhsa, a new volcano rose out of the depths in the 
interior of the Cordillera between Antuco and the Deacabezado 
^on the 26th of November, 1847, forming a bill* of 320 feet The 
^Sulphureous and fiery eruptions wel'e seen for more than a year 

VOL. V. V 
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^tion, as volcanoes which have Ion" been extinct^. Unopened 
trachytic cones and domes, or unopened long trai hytic ridges, 
such as Chimborazo and Iztaccihuatl, are excluded. This is 
also the sense given to the word volcano by Leopold von 
3uch, Charles Darwin, and Friedrich Naiimaun in their geo¬ 
graphical narratives, I give the name of still active vol¬ 
canoes to’those which when seen from their immediate 
vicinity, still exhibit signs of greater or less degrees of their 
activity, and some which have also presented grtsat and well- 
attested eruptions in recent times. The qualification “ seen 
from their immediate vicinity,” is of great importance, as 
the present existence of activity is denied to many volcanoes, 
because, when observed from the plain, the thin vapours, 
which ascend from the crater at a great height, remain 
invisible to the eye. Thus it was even denmd, at the time of 
my American traixds, that Pichincha and the great volcano 
of Mexico (Popocatepetl) wele still active although an enter- 

by Domeyko, Far to the eastward of tlie volcano of Antuco, in 
a parallel chain of the Auden, Poppig states that there are two 
other active volcanoes,— Pmihamuidda^ and Unalavuuen*. 

Volcano of CallaquL 

Volcan (le Villarie.a'^^ lat, 39° 14t 

Volcano of Chiual, lat. 39° 35'. 

Volcan de Panguipulll*, lat. 405°, according to Major Philippi. 

{(1) Bettveen the Parallels of Valdivia and the soulhernmost Cape of 
the Island of Chiloe: 

Volcano of Ranco. 

Volcano of Osomo or Jjla^iqulhuc lat. 41° 9'; height 7443 feet. 

Volcan dc Calhuco* lat. 41° 12'. ^ 

Volcano of Guanaltuca (Guaiicgueq 

Volcano of Minchinmadom., lat. 42° 48', height 7993 feet, 

Volcan del Corcovado,^ hit. 43° 12', lieight 7509 feet. 

Volcano of YaiUeles (Yutales), lat. 43° 29', height 8030 feet. 

Upon the last four volcanoes, see Captain Fitzroy, Exped, of the 
Beagle, vol. iii, p. 275, and Gilliws, vol. i, p. 13. 

Volcano of San Chmmfc, opposite to the Peninsula de Tres Montes, 
which consists, according to D.invin, of granite, lat. 40° 8'. On 
the groat map of South America, by La Cruz, a more Houthern 
volcano de lo.s Gigantes is given, ojiposite the Archipelago de la 
Madre de Dios, in lat. 61° 4'. Its existence is very doubtful. 

The latitudes in the foregoing table of volcanoes are for the moat 
part deinved from the maps of Pi■^^ia, Allan Campbell, and Claude^ 
Gay^ in the admirable work of GilUss (1855). 
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prisinsc traveller, Sebastian Wisse,*^® countecl 70 still burning ^ 
orifices (fniiiai'oles) avotind tlie great active cone of eruption 
iu tlio abater of Pichinelia; and I was myself a witness,” 
at the foot of tlie volcano in the Miilpais del Llano dc 
Tctinipa, in which I had to measure a ba'»i‘-line, of an ex¬ 
tremely distinct eruption oi aslies frtmi Pojiocatejietl. 

In the series of volcanoes of Ntw Crvanada and Quito, 
which in 18 volcanoes iiielades 10 that are still active, and is 
5 ibont twice the l<‘ngih of th(‘ P\ ivu* (s, W(' may indicate, from 
to soutl* as f(»nr sm dlcv groups or subdivisions:— 
the PaTTimo de Ruiz and the neichbonruig volcano of Tolima 
(latitude, according to A( o-.t:i, 4^^ 55' X.) ; Puraoc' and Hotara, 
near Popayan (hit. 21°); tlie Volcanes de Pasto, Tuquerres' 
and Cunibal (lat. 2° 20' to 0^ 50'); and the' series of volcanoes 
from Pichinclu, near Quito, to ihe uniut('nnittently active 
Sangay (from tlie equator to 2° South latitude). This last 
subdivision of the active group isnotpartieiilarly r<'markable 
amongst the volcanoes of the Nc'w World, either hy its great 
lengtli, or hy tlie closeness of its arranoenieiit. We now 
know, also, that it do^s ivA inchidc tlie highest .summit, for 
the At oucagua in Chili (lat. -'52° ‘ID'), of 23,()03 feet, according 
to KcIIol, 23,909 feet, accoiding to Fit/roy and Pentland, 
besith's the Xevados of Sail nua (22,349 feet), Parincota 
(22,030 feet), Gualateiri (21 9()2 fis^t), and Pomarape (21,099 
feet), all from between 18° T and 18° 25' south latitude, aro 
regarded as higher than Chimborazo (21,122 fiet). Never¬ 
theless, of all the volcanoes of the ntuv eontimnit, the vol¬ 
canoes ol Quito enjoy the most widely sjivead renown, for 
to these mountains of the chain of the Andes, to this high 
land of Quito, attaclics the inetiiory of those as:,iduons astro- 
nomieal, geoch’tical, optical, and barometi icul labours, directed 
to important ends, which arc associated witli the illustrious 
names of Pouguer and La Condamine. WIierevtT iutel- 
loctual tendencies }>revail, wliercwcr a rich harvest of r(I;jas 
has been excited, leading to the udvancemont of severed 
sciences at the same time, £ime rctnains as it were locally 
attached for p. long time. Such fame has in like manner 
belonged to Mont Blanc in the Swiss Alps,—not on account 

Iliunbokli, Kleincre Fckriftcn, Bd. i, g, 90. 

^ 24th of January, 1804, 8oe my Easai Politique sur la NouvelU 
Espagne, t, i, p, 166. 
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of its height, which only exceeds that of Monte Eosa by 
about 557 feet,—not on account of the danger overcome 
in its ascent,—but on account of the value and multiplicity 
of the physical and geological views which ennoble Saus- 
suro’s name, and the scene of his untiring industry. Nature 
appears greatest where, beside,s its impression on the senses, 
it is also reflected in the depths of thought. 

The series of volcanoes of Peru and Bolivia, still entirely 
belonging to the equinoctial zone, and according to Pentland, 
only covered Avith perpetual snow at an olev{xtion of 16,945 
feet (Darwin, Journal, 181.5, p. 241), attains the maximum of 
its elevation (22,319 feet) at about the midd'e of its length 
in the Saluvina group, between 18*^ 7' and 18’’ 25' .south lati¬ 
tude. There, in the neighbourhood of Arica, appears a sin¬ 
gular, bay-like bend of the shore, which corresponds with a 
sudden alteration in the a.xi.Al dir*ection of the chain of the 
Andes, and of the series of volcanoes lying to the Avest of it. 
Thence, towards the south, the coast line, and also the vol¬ 
canic fissure, no longer strike from south-east to north- 
Avest, but in the direction of the meridian, a direction which 
is maidtained until near the Avestern entrance into the Straits 
of Magellan, for a distance of more tlian two thousand miles. 
A glance at the map of the ramifications and groups of moun¬ 
tains of the chain of the Andes, published by me in the year 
1831, exhibits many other similar agreements betAveen the 
outline of the New Continent, and the near or distant 
Cordilleras. Thus between the promontories of Aguja and 
San Lorenzo (5,J° to 1° south latitude), both the coast line 
of the Pacific and the Cordilleras are directed from south 
to north, after being directed so long from south-east to 
north-west, between the parallels of Arica and Caxamarca; 
and in the same Avay the coastrline and the Cordilleras run 
from south-west to north-east, from the mountain group of 

.Imbaburu, near Quito, to that of los Robles,’® near Popayan. 

$ 

The mica schist mountain group de los Roblos (lat. 2° 2') and of the 
Paranio de las Papas (lat, 2® 20') contains the Alpine lakes. Laguna eje 
S. lago and L, del Buey^ scarcely six miles apart; from the former springs 
the CaucUi and from the latter the Magdalena, which, bising soon sepa¬ 
rated by a central mountain chain, only unite with each other in the 
parallel of 9® 27', in the plains of Mompox and Tenerife. The above- 
mentioned mountain group between Popayan, Almaguer, and Timatia 
W of great importanct in connection with the geological (piestiou sVhothcr 
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With regard to the geological causal connection of the agree¬ 
ment, which is so often manifested between the outlines of 

the volcanic chain of the Andes of Chili, Peru, Bolivia, Quito, and 
Kew Granada, be connected with the mountain chain of the Isthmus 
of Panama, and in this way witli that of Veragua and the scries of vol¬ 
canoes of Costa llica and Central America in general. In my maps 
of 1816, 18‘27, and 1831, the mountain-systems of which have been 
made more generally known by Drud in Joaquin Acosta's fine map of 
New Granada (1847) and in other maps, I have shown how tlio chain 
of the Andes undergoes a triple division under the northern parallel 
of 2® 10'; the western Cordillera running between the valley of the 
llio Cauca and the llio AtraLo; the middle one between the Cauca and 
the lUo Magdalena; and the eastern one between the valley of the 
Magdalena and the Llanos (plains) which are watered by the afiluciith 
of the Maiahon and Orinoco. I have been able to indicate the special 
direction of these three Cordilleras from a great number of points 
which fall in the scries of astronomical local determinations, of which 
I obtained 152 in South America alone by culminations of stars. 

To the east of the llio Dagun, and to the west of Cazeres, llolda- 
nilla, Toro, and Anserma, near (^artngo, the western Cordillera run* 
S.S.W.—N.N.K., as far as the Salto de San Antonio in the llio Cauca 
(lat. 5® 14') which lies to the south-west of the Vega de Supia, Thence, 
as far as the Alto del Vieuto (Cordillera dc Abibe, or Avidi, lat, 7° 32') 
9600 feet in height, the chain increases considerably in elevation and 
bulk, and amalgamates, in the province of Antioquia, with the inter¬ 
mediate or Central Cordillera. Fuitlier to the north, towards tlio 
sources of the Kios Lucio and Guaciiba, the chain ceases, ‘di\ iding into 
ranges of hills. The Cordillera occidental, which is scarcely 32 miles 
from the coast of the Pacific near the mouth of the Dagiia in the 
Bahia de San Buenaventura (lat. 3° 50') is twice this distance in the 
parallel of Quibdo in the Choco (lat. 5° 48'). This observation is of 
some importance, because we must not confound with the western 
chain of the Ancles, the country with high hills, and the range of hills, 
which in this province, so lich in gold dust, runs from south to north 
from Novita and Tado along th(i right bank of the Rio San Juan and 
the loft bank of the great Rio Atrato, It is thus inconsiderable series of 
bills that is inter.sected in the Quehrada de la Raspadura, by the 
canal of Raspadura (Canal iZcs Mvncltes), which unites two rivera (tho 
’ Rio San Juan or Noanama and the Rio Quibdo, a tributary of the 
Atrato) and by their means tw'o oceans (Humboldt, Es&ai PoUiiquc, t, i. 
p- 23B); it was this also which was seen in the instructive expedition of 
Captain Kellet between the Baliia do Cnpica (lat. 6® 42') long and fruit¬ 
lessly extolled by me, and the sources of the Na 2 )ipi, which falla 
into the Atrato. (See Ilumboldl,, Op. cit. t. p. 231; and Robeit 
Fitzroy, Coneideratlons on the Great htknms of Central Americaj in 
the Journal of the iZoya? Gcogr, Eoc. vol. xx, 1851, pru 178, 180, and 
,186). 

, ,The middle chain of the* Andes (Cordilhra Central), constantly the 
highest, reacliing within the limit of perpetual snow, and in its entire 
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contiiients and the direction of near inonntain chains (South 
America, Allegbanys, Norway, pennines), it appears diflO.- 
cult to come to any decision. 

extent, directed nearly from south to north, like the western chain, 
commences about 35 miles to the nortli-cast of Popayau with the 
Paramos of Guaiuicoa, Huila, Tiaca, and Cbinche. Further on towards 
the north, between lliiga and Chaparral, I'ite the elongated ridge of the 
Nevado do Baiuguaii (lat. 4° IP;, la Montjula de Quindio, the snow¬ 
capped, tnmeated cone of Tolima, the V*)lcaiio and Paramo de Ruiz 
and the Mesa de Herveo. Tlie.se high and rugged mountain deserts, to 
which tlie name of Paramos is applied in Spanish, ate distiiignishod by 
their temperature and a peculiar eharactorof vegetation, and rise in the 
part of the tropical region which T here dosorihe, according to the mean 
of many of my ineaMircmcntH, fruiu 1(>,()00 to 11,700 feet above the 
level of the sea. In the parallel of Mariquita, of the Horveo and the 
Salto de Sau Aiitoino, in the viilley of the Cauca, there comniencea a 
union of tlio western and central cliaina, of which mention has already 
been made. Tins amalgamation becomes moat remarkable between 
tho above-mentioned Salto and the Angostura and Cascada de Cara- 
inanta., neai Siqua. Here is situated the high land of the ]iiovinco of 
Aiitioquia, so difficult of access, winch extends, according to Manuel 
Re&trepo, from 5^® to 8° 3P; in this w’c may mention as points of 
elevation from south to nox’th: Anna, Sonsoji, to tho north of the 
sources of the Rio Samuiia * Marinilla, Rio Negro (G844 feet), and 
Medellin (4S47 feet), tho plateau of Sant.i Rosa (84G6 feet) and Valle do 
Osos. Further on, Ijeycnid Ca/t'ren and Zaragoza, tow^ards the conflu-- 
enoe of tlio Pauca and ?sechi, the true mountain chain disappears, and 
the eastern slope of the Cerros de San Tiucar, winch I Saw from BadillaB 
(lat- 8° 1'), and Patuu.i (lat. 7° 3G'), during iny navigation and survey of 
the Magtlalcna, is only porcepliblo from its contrast with the broad 
river-plain. 

The eastern Cordillera posses!?C3 a geological interest in ns much as it 
not only separates the whole nortlioru mountain system of New Oi'anada 
from the lowland, frtnn wiiich tho w'ators How i)art]y b^thc Caguan 
and Caqueta to the Amazons, and ])art.ly by the Giiaviare, Meta, and 
Apure to the Ornioco, but also unites itself most distinctly with the 
littoral chain of Caraccas, AVliat is called in sy-stems of veins a rahinff 
takes place there,—a union of mountiiiu chains which have been ele¬ 
vated upon two fissures of very diircicnt directions, and probably even 
at very different times. The eastern Oortlillei’a departs far more than 
the two otheis from ti muiidional direction, diverging towards the 
north-east, so that at tlie siiow'y mountaiiiH of Merida (lat. 8° 10') it 
. already hca 5 degree.^ of longitude furtlior to the cast, than at its issue 
from the mountain grou]) de los Robles, near 1 lie Ceja and Timana. To 
the north of the Paramo do la Suma l*a/:, to the east of the Punficacion, 
on the westeni doelhity of the Paramo of Cliingaza, at an altitude of 
only 8760 feet, rises, over an oak forest, tlic hue but treeless and stern 
plateau of Bogota (Lit. 4“ 36'). Jt occupies about 288 geog. square miles 
and its position presents a remarkable similarity to that of the basin 



TKUE VOLCANOES, 


295 


j'Uthougli, in the series of volcanoes of Bolivia and Chili, 
the western branch of the chain of the Andes, which 
approaches nearest to the Pacific, at present exhibits the 
greater part of the traces of still existing volcanic activity, 
yet, a very cx])erienced observer, Peniland, has discovered, 
at the foot of the eastern cliain, more than 180 geog. miles 
from the sea-coast, a perfectly ])reserved, bnt extinct crater, 
with unmistakejible lava-streams. This is situated upon the 
summit of a conical mouutaim near San Pedro do Cacha, in 

of Casiimere, which, however, accoTxling to Victor .Tacqucmont, ia 
about 3410 feet lower ut the Waller iak(‘, ami belougs to the south- 
western declivity of the llimulayuu chain. Tlie platoiiu of Bogota and 
the Paramo de (Jhiugn^ia, arc followed in the eastern Cordillera of the 
Andes towards the iioith-eaat by the Piramos of Gnaehaiieqne, above 
Tunja; of Zoraca, above Sogamoso; of Chita (10,000 feet near the 
sources of the llio Casaiiare, a tributary ol the Meta; of the Ahnorzadera 
(12,8 j 4 feet), near Socono; of Cacota (10,980 feet), neui Pauqdona; of 
Laura and Porquera near la Grita. Here, between l*atn])lona, Kalazar, 
and llosurio (between hit. 7"^ S' and 7*^ 50') is situated the small moun¬ 
tain group, li-om whicli a crest extends from youth to iioiLh towards 
Ocafia and Vdllc dc Upar, to the west of blio Laguna de Maracaibo, and 
unites with the iiiost'ailv.inced mountains of the Sierra Ni.wado de Santa 
Marta (19,000 feet2). The more eh-vatod and vaster crest continues in 
the original uoi-th-eastorly direction towjuds ]\Ieridii, Truxillo, and Bar- 
quisiincto, to unilo there, to the eastward of the Laguna de Maracaibo, 
with the granitic littor,*! chain of Venezuela., to thowe&t of Puerto Cabello. 
From the Grita and tlie Paramo de I’oiqueia the eastern Cordillera 
rises again at once to an extraordinary height. Between the parallels 
of 8® 5* and 9® 7', follow the Sieira Nt'vada do Merida (Muuuchies) 
examined by Bou.ssingaiilb and determined hy Codazzi trigimometri- 
cally at 15,009 feet; and the four Paramosde Tunotes, Niquitao, Bocond, 
and de las Rosas, full of tlie most beautiful Alpnnj plants, (See 
Codazzi, llesiimcu (Ic la iicotjrufia dc Venezuela, 1841, pp. 12 and 405; 
and also my Aso; Cenlnilty i ui, jip 258—262, with regard to the 
elevation of the perpetual snow in tiiis zone.) The western Cordil¬ 
lera ie entirely waiitiag in volcanic activity, which is peculiar to the 
central Cordillera as far as ihcTolimaaiid I\arauio dcRuiz, which, how¬ 
ever, are separated from the volcano of Puiace by nearly three ilegi'ees 
of latitude. The eastern Cordillera has a smoking lull near its eastern 
declivity, at the origin of the Rio Fragua, to the nortli-oaat of Mocoa 
arid south-east of Timaiia, at a greater distance from the shore of the 
Pacific, than any other still active volcano of the New World. An 
accurate knowledge of the local relations of the volcanoes to the 
arrangement of the mountain chains is of the highest importance for 
the completion of the geology of volcanoes. All the older mai)S, 
with the single exception of that of the high land of Quito, can only lead 
to error. . 
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the valley of Yucay, at an elevation of nearly 12,000 feet 
(lat. 14° 8', long. 71° 20'), south-east from Cuzco, Avhere the 
eastern snowy chain of Apolobamha, Carahaya, and Vilcatioto 
extends from south-east to north-west. This remarkable 
point’® is marked by the ruins of a famous temple of the 
Inca Viracocha. The distance from the sea of this old lava- 

r 

producing volcano is far greater than that of Sangay, which 
also belongs to an eastern Cordillera^ and greater than that 
of Orizaba and Jorullo. 

An interval of 540 miles destitute of volcanoes separates 
the series of volcanoes of Peru and Bolivia from that of Chili. 
This is the distance of the eruption in the desert of Atacama 
from the volcano of Coquimbo, At 2° 34' further to the 
south, as already remarked, the group of volcanoes of Cliili 
attains its greatest elevation in the volcano of Aconcagua 
(23,003 feet), which, according to our present knowledge, is 
^so tlie maximum of all the summits of the new Continent. 
The average height of the Sahama group is 22,008 feet; 
consequently 58G feet higher than Chimborazo. Then follow, 
diminishing rapidly in elevation, Cotopaxi, Arequipa (?), and 
Tolima, between 18,877 and 18,129 feet in height. I give^ 
in api>arently very exact numbers, and without alteration, 
the results of measurements which are unfortunately com¬ 
pounded from barometrical and trigonometrical determi- 
nartions, because in this way the greatest inducement will 
be given to the repetition of the measurements and correc¬ 
tion of the results. In the series of volcanoes of Chili, of 
which I have cited 24, it is unfortunately for the most \:>SLrt 
only the southern and lower ones, from Antuco fS Yantales, 
between the parallels of 37° 20' and 43° 40', that have been 
hypsometrically deteimined. These have the inconsiderable 
elevation of* from six to eight thousand feet. Even in Tierra 
del Fuego itself the summit of the Sarmiento, covered with 
perpetual snow, only rises, according to Fitzroy, to 6,821 
feet, From the volcano of Coquimbo to that of San 
Clemente the distance is 968 miles, 

• 

^ Pentland, in Mrs. Somerville’s Physical Geography fl851), vol. i, 
p. 185. The Peak of Vilcanoto (17,020 feet), situated in lat. 14** 28\ 
forming a portion of the vast mountain group of that nam.e, closes the 
northern extremity of the plateau, in which the lake of Titlcaqa, a 
small inland sea of 88 miles in length, is situated* / 
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With regard to the activity of the volcanoes of Ch.li, we 
have the important testimony of Charles Darwin,®® who 
refers very decidedly to Osorno, Corcovado, and Aconcagua 
as being ignited; the evidence of Meyeii, Pdppig, an<l 
Gay, who ascended Maipu, Antuco and Peteroa; and that 
of Domeyko, the astronomer Gilliss, and Major Philippi. 
The number of active craters may be fixed at thirteen, only ' 
five fewer than in the group of Central America 

From the five groups of serial volcanoes of the Kew Con¬ 
tinent, which we have been able to describe from asti'ouo- 
nomical local determinations, and for the most part alsohyp^ 
sometrically as to jjosition and elevation, let us now turn to 
the Old Continent, in which, in complete opposition to tho 
New World, the greater jiart of the a])proximated volcanoes 
belong not to the mainland but to tlie islands. Most of the 
European volcanoes are situated in the Mediterranean Sea, 
and indeed (if we include the great and rejjeatcdly active 
crater between Thera, Therasia, and A.sprouisi), in the Tyr¬ 
rhenian and vEgtean pai’ts; in Asia the most mighty vol¬ 
canoes are situated to the south and east of the continent 
on the large and small Suuda Islands, the Moluccas, and 
the Philippines, in Jajjan, and the Archipelagoes of the 
Kurile and Aleutian Islands. 

In no other region of the earth’s surface do such frequent 
and such fresh traces of the active communication between 
the interior and exterior of our planet show themselves, a.s 
upon the nan’ow space of scarcely 12,800 geographical (16,928 
h^glish) square miles between the parallels of 10° south and 
14° north latitude, and between the meridians of the southern 
point of Malacca and the western point of the Papuan penin¬ 
sula of New Guinea. Tlic area of this volcanic island-world 
.scarcely equals that of Switzerland, and is wa.shcd by the 
seas of Sunda, Banda, Solo, and Mindoro. The single island 
of Java contains a greater number of active volcanoes than 
the entire southern half of America, although this island 
is only 544 miles in length, that is, only one-seventh of tho 
length of South America. A new but long-expected light 
has recently been diffused over the geognostic nature of Ji.va 
(after previous very imperfect but meritorious works by 

See Darwin, Journal of Reseat ches in Natural Uislory and Gcolcgtf 
during tlte Voyage of the Beagle, 18415, pp. 275, 291, and 310. 



COSMOS. 


m 

Horsfield, Sir Thomas Stamford Raffles and Reinwardt), by 
a learned, bold, and untiringly active naturalist, Franz 
JUnghuhn. After a I'esidenee of nioro than twelve years he 
has given the entire natural history of the country in an 
instructive work, Java, i/s form, vegetable covering, and 
infernal structure. More than 4()0 elevations are carefully 
determined barometrically; the volcanic cones and bell-shaj)ed 
mountains, 45 in number, are i*e|trcsciited in profile, and all 
but three®' of them were ascended by Juiigliuhn. More than 
half (at least 28) were found to be still burning and active j 
their remarkable and various ju'ofiles ai'e described with 
extraordinary clearness, and even the attainablt; history of 
their eruptions is inve.^tigated. No less important iliau the 
volcanic phenomena of Java arc its scdimeiitaiy formations 
of the Tei'tiary period, which were entirely u}iknown to us 
before the ap})earaijco of the coini>lcte work just mentioned, 
although they cover three fifths of the entire area of the 
islaiul, especially in the soutlieru })arts. In many districts 
of Java there occur, as the remains of former widely-spread 
forests, fragments, from three to Si^ven feiii in length, of sili- 
cified tininks of trees, which all belong to the Dicotyledons. 
.For a country in which at present an abundance of palms 
and tree ferns grows, this is the more rcanarkable, because 
in the Miocene tertiary rucks of the brown-coal formation 

|k 

of Europe, where arburcsceut Monocotyledons no longer 
thrive, fossil palms are not unfrerpiontly met wiih.®^ IJy 
a diligent collection of tlio imjuvssions of leaves and fos¬ 
silized woods, Juiigbuhn has been enabled to giv^^ us, as 
the first example of the fossil Flora of a purely tropical 
region, the ancient Flora of Java, ingeniously elaborated by 
Goppeid/ fro)n his collection. 

As regards tlio elevation to wliicli they attain, the vol¬ 
canoes of Java are far inferior to tliose of Ll^c ^l-ree groups 

81 Junghuhn, Java, Bd. h s- 79. 

^ Op. cit. Bd. iiu s. niid Ooppoi’t, Die Tntimjlova ctuf dei' hnd 
Java nach den Etddcclcnwjcn von Fr. Jnnfjhu/ni (1854:), h. 17. The 
absence of Monocotylfiloiib is, liowcYcr, peculiar to the silicificd trunks 
of trees lying scattered upon the surf.ico, and especially in tha 
rivulets of the disti’ict of Bantam; in the subterranean caibonaceous 
fitraca, on the contrarT% there are remains of palm-wood, belonging 
to two geucia {FlabtUcrta and Amesmteuron). Sec Gupjjei'i, b. 31 
and 35. 
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of Chili, Bolivia, and Peru, and even to those of the two 
groups of Quito with New Granada, and of Tropical Mexico. 
The maxima attained by these American groups are :—For 
Chili, Bolivia, and Quito, 21,000 to 23,000 feet, and for 
Mexico, 18,000 feet. Tliis is nearly ten thousand feet 
(aVtnit the height of Etna), more than the greatest elevation 
,of the volcanoes of Sumatra and Java. On the latter island 
the highest still burning colossus is the Gunung Semcru, 
the culminating point of tlie entire Javanese scries of vol- 
,canoes. Junghuhn ascended this in SoptcmbcJ', 1844-; the 
average of his barometric ineasurcmoTits gave 12,233 feet 
above the surface of the sea, and consequently 1748 feet 
.more than the summit of Etna. At night tlio centigrade 
thermometer fell below G^2 (43'’.2 Falir.). The old Sanscrit 
name of Gunung Semeru was Mahd~I\Leriv (the groat Meru); 
a reminiscence of the time wlicn the Malays received Indian 
civilisation,—a reminiscenoo of the Mountain of the World 
ill the north, which, according to tlie Mahabharata, is the 
dwelling'])lace of Bralima, Vishnu, and the seven Devarsclii.®* 
It is remarkable that, as the natives of the plateau of Quito 
had guessed, before any measurement, that Chimborazo sur¬ 
passed all the other snowy mountains in the country, the 
Javanese also knew that the Holy Mountain Maha-Meru, 
which is but at a short distance from the Gunung Ardjuno 
(11,031 feet) exhibited the maximum of elevation upon tho 
island, and yet, in tliis case, in a country free from snow, tho 
greater distance of the summit from the level of the lower 
•limit of perpetual snow could no more serve as a guide to 
the judgment than the height of an occasional temporary fall 
of snuw.^- 

Tho elevation of tho Gunung Semcru, which exceeds 
11,000 (Jl,72G English) feet, is most closely approached 
by four otlier mountains, wliicli were found hypsometrictdly 
to bo betwetn t<n and eleven tliousand feet. These 
are: Gunung"*^ Slamat, or mountain of Tegal (11,IK' 

Upon the Rignificribiciu of tlic word and the conjecturt*ii 

which Jjiirrjouf coiumuniciited to me regarding its connection with 
mtra (a Sunscrit word for am), sue iny Aaie Ccnlrale, t, i, pp. 114—116', 
and Lasaen^a Indischc Cd. i, s. S47. Tho latter ia 

inclined to regard tho names as not of Sanscrit origin. 

See page 240. 

^ Gunuwj is the Javanese word for mountain, in Malayan, g^nong^ 
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feet), Qunung Ardjtino (11,031 feet), Giinviiig Sumbing 
(11,029 feet), and Gunung Lawn (10,726 feet). Seven 
other volcanoes of Java attain a height of nine or ten 
thousand feet; a result which is of the more importance as 
no summit of the island was formerly supposed to rise higher 
than six thousand feet.^® Of the five groups of North tnd 
South American volcanoes, that of Guatemala (Central 
America) is the only one exceeded in mean elevation by 
the Javanese group. Although in the vicinity of Old 
Guatemala the Volcan del h'uego attains a height of 13,109 
feet (accortling to the calculation and reduction of 
Poggendorff), and therefore 874 feet more than Gunung 
Scmeru, the remainder of the Central American scries of 
volcanoes only varies between live and seven thousand feet, 
and not as in Java between seven and ten thousand feet. 
The highest volcano of Asia is not, however, to' be sought 
in the Asiatic Islands (the Archipelago of the Sunda 
Islands), but upon the continent; for upon the peninsula 
of Kamtschatka the volcano Kljutschewsk rises to 15,7 63 
feet, or nearly to the height of the Kucu-Pichincha, in the 
Cordilleras of Quito. 

which singularly enough is not further disseminated over the enormous 
<lumaiii of the Malayan language; see the comparative table of words in 
my brother’s work ii])ou the Kawi language, vol, ii, s. 249, No. 62. A» 
it is the custom to place this word yiuiung before the names of luouu" 
tains in Java, it is usually indicated in the text by a simple G, 

Leojjold de Buch, Description Physique dcs Iks Canaries, 1836, 
p. 419. Not only has Java (Juughuhn, Th. i. s. 61, and Th. ii. s. 647) 
u colossal mo\nitain, the Scmeru of 12,233 feet, which consequently 
exceeds the Peak of Teneriffe a littlo in height, but an elevation of 
12,256 feet is also attributed to the Peak of Indrapura, in Sumatra, 
which is also still active, but does not appear to have been .so accu¬ 
rately measured (Th. i, s. 78, and profile Map No. 1). The next to 
this in Sumatra, are the dome of Telainan, which is only one of the 
.summits of Ophir (not 13,834, but only 9603 feet in height), and the 
Merapi (according to Dr. Horner, 9571 feet) the most active of tho 
, thirteen volcanoes of Sumatra, which, however, (Th. ii. s.. 294, and 
Junghnhns Pattuliinder, 1847, Th. i, s. 25) is not to be confounded, 
from the similarity of the names, with two volcanoes of Java, -the 
celebrated Merapi, near Jogj.ikcrta (9208 feet), and the Merapi, which' 
forms the eastern portion of the summit of the volcano Idjen (8595 
feet). In the Merapi, it is thought that the holy name Idem is ngam 
to bo detected, combined with the Malayan and Javanese word apt, 
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The principal axis” of the closely approximated series of 
the Javanese volcanoes (more than 45 in number) has a 
direction W.N.W —E.S.E. (exactly W. 12° N.), and there¬ 
fore principally parallel to the series of volcanoes of the 
eagiern part of Sumatra, but not to the longitudinal axis of 
the island of Java. This general direction of the chain of 
volcanoes by no means excludes the phenomenon to which 
attention has very recently been directed in the great chain 
of the Himalaya, that three or four individual high summits 
arc so ai’ranged together, that the small axes of these partial 
scries form an obliqiie angle with the primary axis of the 
chain. This phenomenon of fissure, which has been observed 
and ]iartially described’'® by Hodgson, Joseph Hooker, and 
Strachey, is of great interest. The small axes of the subsi¬ 
diary fissures meet the great axis, sometimes almost at a 
right angle, and even in volcanic chains, the actual maxima 
of elevation are often situated at some distance from the 
major axis. As in most linear volcanoes, no definite pro¬ 
portion is observed in Java, between the elevation and the 
size of the crater at the summit. The two largest craters 
are those of Gunung Tengger and Gunung Raon. The former 
of these is a moimtain of the third class, only 8704 feet in 
height. Its circular crater is, however, more than 21,315feet, 
and therefore nearly four geographical miles in diameter. 
The fl it bottom of the crater is a sea of sand, the surface of 
which lies 1865 feet below the highest point of the surrounding 
wall, and in which scoriaceous lava-masses project here and 
there from the layer of pounded rapilli. Even the enormous 
crater of Kirauea, in Owhyhee, which is filled with glowing 
lava, does not, according to the accurate trigonometrical 
survey of Captain Wilkes, and the excellent observations 
of Dana, attain the size of that of Gunung Tengger. In the 
middle of the crater of the latter there rise four small cones 
of eruption, actual circumvallated funnel-shaped chasms, of 
which only one, Broino (the mythical name Brahma, a word 
which has the signification of Jire, in the Kawi although 

” Junghuhn, Java, Bd. i. a. 80. 

See Joseph Hooker, hhetch-Ma^ of Sikhim, 1850, and in his 
Hivnalayan Journals, vol. i, 1854, Map of part of Bengal; and also 
Strachey, Map of West-Nari, in his Physical Geography of Western 
Tibet, lUZ. 
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not in the Sanscrit), is now not active. Bronio presents the 
remarkable phenomenon that from 183S to 1842 a lake was 
formed in its funnel, of which Jutighuhn has proved that 
it owes its origin to the influx of atmospheric waters, which 
have been heated and acidulated hy the simultaneous p^e- 
tration of sulphurous vapours.^® Next to Gunung Tenggor, 
Gunung Raon has the largest crater, but the diameter of 
this is ahont one-half less. The view into the interior is 
awe-inspiring. It appears to extend to a depth of more 
than 2308 feet; and yet the remarkable volcano, 10,178 feet 
in height, which Juughulm has asocndetl and so oarclully 
described;®® is not even named on the meritorious map of 
Raffles. 


Like almost all linear volcanoes, the volcanoes of Java 
exhibit the imjiortaut phenomenon, that a simultaneity of 
great eruptions is observed much more rarely iu iicaily ap¬ 
proximated cones, than in tlioso wliich arc widely separated* 
When, in the night of the llfch and 12th of Augtr^t, 1772, 
the volcano Gunung Pc])andajaii (7034 feet) burst forth tlie 
most destructive eruption th:it has taken jdace upon the 
island within historical periods, two other volcanoes, the 
Gunung Tjerimoi and Gunung Slamat, became ignited on the 
same night, although they lie in a straight line at a distance 
of } 84 and 352 miles from Popiuidajnu.®^ Even if tlie vol¬ 
canos of a series all stand over one focus, the not ol‘ fissures 
through which they communicate is, ncvcrtlicless, certainly 
so constituted that the obstruction of old vapour-channels, 


Junghuhn, Java, Bel. ii, fig. ix. s. 572, 500, and COl—W)4. From 
1829 to 1848, the small crater of eruption of the Bromo had eiglit fiery 
eruptions. The crater-lakc, which had disappeared iu 1812, had been 
agftin fonned in 1843, but acicording to the observations of B. vatt 
Herwerden, tlic pre.senco of the water in the olmBm of the cauldron 
had no ofFcct iu j^reventiug the eruption of red-hot, widely-scattored 
scorisB. 

«> Junghuhn, Bd. ii. s. 624—G41. 

** The G. Pepaudajan was ascended in 1819 by Reinwardt, and in 
1887 by Junghuhn. Tlie lattei\ who has accurately invostignted the 
vicinity of the mountain, consisting of detritus intermingled with 
numerous angular, erupted blocks of lava, and compared it with tho 
earliest reports, regards the stixtemont, which has been disseuiinated 
by so many valuable works, that a portion of tho mountain and an 
area-of several square miles sank during the eruption of 1772, aa 
greatly exaggerated (Junghuhn, Bd. ii. s, 98 and 100), 
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or the temporary open-’ng of new ones, in the course of 
ages, render simultaneous eruption at very distant points 
quite conceivable. I may again advert to the sudden dis¬ 
appearance of the column of smoke which ascended from 
tlie volcano of Pasto, when, on the morning of the 4th of 
Februaiy, 1797, the fearful earthquake of JEliobamba con¬ 
vulsed the plateau of Quito between Tunguragua and Coto- 
pax i ® 

To the volcanoes of the island of Java generally, a cha¬ 
racter of ribbed formation is ascribed, to wdiich I have seen 


nothing similar in the Canary Tslr.nds, in Mexico, or in the 
Cordilleras of Quito. The most recent ti-avellcr, to whom 
we are indebted for siich admirable observations ui)on the 
structure of the volcaTioes, the geography of jilants, and the 
psychrometric conditions of moisture, has described the 
phenomenon to which I here allude Avith such decided clear¬ 
ness that I must not omit to call attention to this regularity 
of form, in ordi'v to furnish an iuduccTncnt to new investi¬ 
gations. “Although,” says Junghuhn, “the surface of a vol¬ 
cano 10,974 foot in height, the Gunung Sumbing, when seeu 
from some distance, appe ’.I’s as an uninterruptedly smooth and 
sloping face of the conical mountain, still, on a closer examina¬ 


tion, wo find that it consists entirely of separate longitudinal 
ridges or ribs, which gradually subdivide and become broader 
as they advance downward.s They run from the summit of 
the volcano, or more frequent'y from an elevation several 
hundred feet below the summit, down to the foot of the 


mountahi, diverging like the ribs of an umbrella.” These 
rib-like longitudinal ridges have sometimes a tortuous course 
for a short dist uioe, but are all formed by approximated 
clefts'of three or four hundred feet in depth, all directed in 
the .same way, and b(icoming broader as they descend. They 
are furrows of the surface “ which occur on the lateral slojies 
of all the volcanoes of the i.dcnd of Java, but differ consi- • 
dcrably from each other uj>on the various conical mountains, 
in their average depth and the distance of their upper 
origin from the margin of the crater or from .an unopened 
summit. The Gunung Sumbing (11,029 feet) is one of those 
volcanoes which exhibit the finest and most regularly formed 
Coanioi, vol. v, p. 183, and Voyage aux Regions Equinox, t. ii. 
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ribs, as the mountain is bare of forest trees and clothed with 
grass.” According to the measurements given by Jung- 
huhn,” the number of ribs increases by division in propor¬ 
tion as the declivity decreases. Above the zone of 9000 feet 
there are, on Gunung Sumbing, only about 10 such ribs ; at 
an elevation of 8,500 feet there are 32; at 5500 feet, 72; and 
at 3,000 feet, more than 95. The angle of inclination at the 
same time diminishes from to 25° and 10^°. The ribs 
arc almost equally regular on the volcano Gunung Tengger 
(8702 feet), whilst on the Gunung Ringgit they have been 
disturbed and cover'd** by the destructive eruptions which 
followed the year 158G. “The production of these peculiar 
longitudinal ribs and the mouniain fissures lying between 
them, of which drawings are given, is ascribed to erosion 
by streams.” 

It is certain thac the mass of meteoric water in this tro¬ 
pical region is three or four times greater than in the tem¬ 
perate zone, indeed the showers are often like waterspouts, 
for although, on the whole, the moisture diminishes with the 
elevation of the strata of air, the great mouniain cones exert 
on the other hand a peculiar attraction upon the clouds, 
and, as I have already remarked, in other places, volcanic 
eru])iions are in their nature productive of storms^ The 
clefts and valleys (Sarrancos), in the volcanoes of the Canary 
Islands, and in the Cordilleras of South America, which have 
become of importance to the traveller from the frequent 
descriptions given by Leopold von Buch** and myself, because 
they open up to him the interior of the mountain, and some¬ 
times even conduct him up to the vicinity of liho highest 
summits, and to the circumvallation of a crater of elevation, 
exhibit analogous phenomena; but although these also at 
times cany off the accumulated meteoric waters, the Original 
fonnutiou of the harrancos^^ upon the slopes of the volcanoes 

Junghubu, B(l. ii. 8. 241—246. 

^ Op, fit sup. 8. 566, 690 and 607—609. 

** Leopold von Buch, Pht/s, Beschr, der Canarischen /nwZn, 8. 206, 
218, 248, and 289. 

Barranca and Barranca, both of the same meaning, and suffi¬ 
ciently in use in Spanish America, certainly indicate properly a water- 
furrow or water-cleft: la quiebra que bacen en la tieria las corrientetf 
deloB oguas;—“una torrente que hace barrancas;'* but they also indi- 
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ig probably not to be ascribed to these Fissures, caused 
folding; m the tiachylic mass, which has been elevated 
whilst soft and only subsequently haidencd, have piobably 
preceded all actions of erosion and the impulse of watoi. 
Butin those places wheio deep lairancos appealed m tho 
volcanic districts visited by me on the declivities of bell* 
shaped or conicil niouuiains (^eri lasfalJa^ de los Cciros bar- 
rancosos), no tiacc was to be det cted ot the legulaiity, or 
radiate lamification with which we are made acquainted by 
Jimghuhn^s woiks iii the sni^ulai outlines ot the volcanoes 
ot Java®^ The gicxtcst anilogy with the foim heie re- 
teiii^d to is pics^uted by the i>hcuomenon to which Leopold 
von Buch, and the icutc oL tivci of volcanoes, Poulet 
Sciopc, hue ilicidy diicctcd attention, nxmely, that great 
h&suics xlmost ilwiys open it i ii^ht oi obtuse angle from 
the centic oi tin inointuii i idiitnig (ilthoudi undivided), 
in iccoidxnce with tlu noijiul ducction of the declivities, 
hut not ti iisvci cly to them 

The bclat in t\w c Jinpldc ^hsciicc of livi stieams upon 
the isl lud ol Javi to Avhich Leopold von Buch appeared to 

cate Tny chastn But th it the w or 1 hai ? anc t is connected with &a)) 

(In R ft in i:>t loxin and il o loal sci ipings as d ubttal 

Lycll ^luvuii Of ifctneiiaiy Ot (iffy chap xxix, p 497* 

Tho most lemukallc 'inilogy with the phcnnninniof regular nb 
biiiir in laiT., 1 prestuted ly the suil'icc of the Mintl ot the Sommv 
ofVcsuviuH ii[ on the Sif^lds o+ which an \ itc ind aociiiate 
ebseriei the istionomci Tuhns S hmi It, lias tlnown imuh light (7)ie 
Impiion (/is leswis ‘im Mai^ 3SjO, h 101—10)) Accoiding to 
Leopold von Biidi, these valley fnirows ue mfc (iigin illv ram fur- 
lows (hnmai*) but couscqueuecs of ti leking (fduing ttod men*) dm 
lug the fiist upheaval of the volcxno Iho usiill} ladiil position 
of the litexil eiujtions in i elation to tho axis of the volcano, also 
appears to bo connected theiewith (r 1 29) 

^ ** Obsidian and consequently pumice atones, are as rare in Jai a. 
as trachj te itself Another vcryfuiious ficfc is the ib nee of any 
siipain of livi in that volv-uiic islmd M Bcinw u Jt, who has him 
self observed a gicat umnbti ot cuiptioiis, siys evpiessly tint 
thcie hiveuevci been instances ot the moat viokntaiid destructive 
uuptiou having been iccompamed by la\as I Copold de Buch, 
JDe^cr des lies Camutc'^, ]» 419 Amongst tlie volcanic locks of Java, 
foi which the Cabinet ol Mine ala at Lcilm is indebted to Di Jung 
hnhn, diontic ti ichytcs aie most distinctly recognizibh at Burdng- 
Rguug, H 2 )5 of tlu I cidnei catih'gue, at Tjinaa, s 232 and in tho 
Gunung Paiang, situited m the district Bitu gangi Ibis is conse* 

VOIi v. X 
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incline in consequence of tlic observations of Reinwardt, has 
been rendered more than doubtful by recent observations. 

.Junghubu, indeed, remarks “that the vast volcano Gunung 
Mempj l)as not ])ouivd forth cohereutj compact lava-streams 
within the histux'ical period of its eruptions, but has only 
thro>Mi out Iragmeiits of luA'a (rubbish), or incoherent blocks 
of stone, although for iiiuo months, in the year 1837, tiery 
strejms were seen at night running down the cone of 
eruption.” .But the same observant traveller lias distinctly 


quently the identical formation of dlorUic tiachyto of the volcanoes 
of Orii^aba and Toluca in 'Mexico, of the island Paiiaria in the Lipari 
Islai'ds, and of in the .^^gcan Sea ^ 

Jnnghuhii, Bd. li. b. 309 aiul 314. Tho fiery streaks which were 
Been on the volcano Ch Merapi, were formed by closely approximated 
streams of scuriie {inthires de frufjmnts), by iioii-cuherciii masses, 
which roll down during the criqitiou tow.irJs the sjiiiie side, and strike 
against each other from their very diileieiifc weights on the steep 
declivity. Jn the erii]>tiou of tlio Q. b.iinongiui on tho ‘26th March, 
1847, a moving line of s orirc of this kiml divided into two branches 
several bundred feet below its jxnnt of origin. “The fiery streak,” 
we find it expieK.'>ly stated (Bd. li. s. 767), “did not consist of true 
fused lava, hut of fragments of lai^a rolling closely after one another.” 
The G. Lainongan ami the G. tSerneru are the two volcanoes of the 
island of Java, which are found to be most similar, by their activity 
in long periods, to the Stromboli, wliu li is only about 2980 feet 
high, as they, althongli so I'emaikably dilierent iii height (tlic Lamon- 
gan being 5340 and the Heinei i* 12,235 leet high), exhibited eruptions 
of scoriip, the former after pauses of 1.5 to 20 miiiutes (eruptions of 
July, 1833, and March, 1817), and the second of li to 3 hours 
(eruptionb of August, 1836, and 8c[>teinber, 1844,) (Bd. li. s. 654 and 
765—769). At Stroniboli itself, together witli luiinerous eruptions of 
scoria}, small, bub rare clfusions of lava also occur, ^hich, when 
detained by obstacles, sometimeH harden on the declivities of tho 
cone. 1 lay great stress upon tho various forms of continuity or 
division, under which completely or partially fused matters arc thrown 
or poured out, w^hethcr from tho same or different volcanoes. Ana¬ 
logous investigations, tiudcrtakon under various zones, and in accord¬ 
ance with guiding idca^, are greatly to he de-irod, from the poverty 
and great one-sideduoss of the views, to which tho four active Knro- 
pean volcanoes lead. The question raised by me iu 1802 and by toy 
friend BouHsingault in 1831,—whether tho Antisaua in the Cordilleras 
Quito has furnished lava-Btieaina? wliich >ve shall touch upon 
hereafter, may perhajis find its Bolution in the division of tlio fluid 
matter. Tlie c.ssential character of a lava-stream is that of a uniforzQf 
coherent fluid,—a banddike stream, from the surface of which scales 


Beparate during its cooling and liardcning. These scales, beneath 
which the nearly homogeneous lava long coutinues to iloW| upraise 
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descril)ed, in great detail, three black, basaltic Lava-streams 
on three volcanoes :—Gunung Tcngger, Guiiung Idjen, and 
Slamal^^® On the latter the lava-stream, after giving rise to 
a watcr-hill, is continued into the tertiary rocks.^ From such 
truecftusions of lava, which, form coherent masses, Junghuhn 
very accurately distinguishes, in the eruption of Gunung 
Lamongan,® on the 6th July, 1838, what he calls a stone- 
stream, consisting of glowing and usually angular fragments, 
erupted in a row. ‘‘ Tlie crash was lieard of the breaking 
stones, which rolled down, like tiery points, either in a line 
or without any order.” 1 pur[iosely direct especial attention 
to the very various modes iii which liery masses appear on 
the slopes of a volcano, l)ocause in the disjmtc uj)on the 
maximum angle of fill of lava-streams, glowing streams of 
stones (masses of scoria*) following each other in rows, are 
^sometimes confounded with continuous lava-streams. 

As the important problmu of the rarity or complete defici¬ 
ency of lava-streams hi J ava,—a problem which touches on the 

themselves in j)art, obliquely or perpendicularly, by the inequality of 
the internal niov^inont and tlio evolution of hot gases; and when, 
in this way, several lavd’Stroarns, flowing ttigetber, form a lava lake, 
as in Iceland, a Held of detritus or fragments is produced on their 
cooling. The Spaniards, especially in Mexico, cill such a district, 
whicli is very dis.igi'ccable to j>ais over, a nudjjuh. Such lava-fields, 
which are often found in tin: jilain at the foot of a volcano, remind 
one of the frozen surtace of a lake, with short, upraised icc-blocks. 

JtK> name (J. Idjen, according to EiiRchmann, may be explained 
by the Javanese wordsingly, alone, separately;—a derivative 
from the substantive hidji or uddji, giain, seed, which with m ex- 
presses the number one. With rog.u-d to the etymology of G, 
Tenggor, see the important work of rny brother upon the connections 
between Java and Ind'a {Kawl’SpmchCy Bd. i, s. IS8), where there 
is a reference to the historic.al importance of the Tengger Mountain, 
which is inhabited by a small tribe of people, who, opposed to the 
now general Mahomedamsui of the island, have rebiined their ancient 
Indo-Javanic faith. Junghuhn, who has very iudu-atiiously explained 
the names of niountaius from the Knwi language says (Th. ii. s. 554), 
that in the Kawi, Temjfjer signifies hill; the word also receives the 
same signification in Gericke’s Javanese Dictionary (Javaanach’uedet*- 
duitHch Woordenhoclcy Amst., 1847). 81amat, the name of the high 
volcano of Tegal, is the well-known Arabic word sclamat, which eig- 
nifios happiness and safety. 

^ Junghuhn, Bd. ii. Slamat, s. 15J and 163; Idjen, s. 698; Tengger, 

773 

' * Bd. iL B. 760—762. 

X 2 
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internal constitution of volcanoes, and, which I must add, has 
not been treated with sufficient earnestness, has recently bfeen. 
so often spoken of. the present appears a fitting place in which 
to bring it under a more general point of view. Although 
it is very probable that, in a group or scries of volcanoes all 
the members stand in a certain common relation to the 
general focus, the molten interior of the earth, still each, 
individual presents peculiar physical and chemical processes 
as regards strength and frequency of activity, degree and _ 
form of fiuidity, and material difference of products,—pecu- , 
liarities whioh cannot be exjdained by the comparison of the 
form, and elevation above the present surface of the sea. 
The gigantic mountain, Sangay, is as uninterruptedly 
active as the lowly Stromboli; of two neighbouring vol¬ 
canoes, one throws out pumice-stone without ob.sidian, the 
other both at once; one furnishes only loose cinders, the 
other lava flowing in narrow streams. These characteristic 
processes, moreover, in many volcanoes appear not to have 
been always the same at various epochs of their activity. 
To neither of the two continents is rarity or total absence of 
lava streams to be peculiarly ascribed. Remarkable distinc¬ 
tions only occur in those groups with regard to which we 
must confine ourselves to (lefinite historical periods near to 
our own times. The non-detection of single lava-streams 
(fepends siraultaneou.sly upon many conditions. Amongst 
these wc may instance the deposition of vast layers of tufa, 
rapilli, and pumice-stone ; the simultaneous and non-simul- 
taneous confluence of sever.d streams, forming widely ex- 
tended lava-field covered with detritus; the circumstance that 
in a wide plain the small conical eruptive-cones, the volcanic/ 
platform, as it were, from which, as at Lanccrotc, the lava ^ 
had flowed forth in streams, have long since been destroyed. 
In the most ancient conditions of our unequally cooling planet, 
in the earliest foldings of its surface, it appears to me very pro- ' 
bable that a frequent viscid outflow of trachytic and doleritic 
rocks, of masses of pumice-stone or perlite, containing obsi¬ 
dian took place from a composite networ*k of fissures, over, 
which no platform has ever been elevated or built up. The " 
problem of such simple effusions from fissures deserves the 
attention of geologists. ' '' 

In the series of Mexican volcanoes, the greatest and, sine? 
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iny Aracrican travels, the most celebrated phenomenon is 
the elevation of the newly produced Jonillo, and its effusion 
of lava. This volcano, the topography of whicli, founded 
on measurements, I was the first to make known®, by its 
jJosition between the two volcanoes of Toluca and Colima, 
and by its eruption on the great fissure of volcanic activity*, 
which extends from tlio Atlantic Ocean to the Pacific, pre¬ 
sents an important goognostic phenomenon, which has con¬ 
sequently been all tht‘ more the subject of dispute. Fol¬ 
lowing the vast lava-stream which the new volcano poured 
out, I succeeded in getting far into the interior of the 
crater, and in establishing instruments there. The eniption 
in a broad and long-i^eaccful plain in the former ])rovincc of 
Micliuacan, in the night from the 28th to the 29th of Sep¬ 
tember, 1759, at a distance of more than 120 miles from 
any other volcano, was preceded for fully two (?) months, 
namely, from the 29th June in the same year, by an unin- 
ternipted subterranean noise. This diftered from the won¬ 
derful hramiJos of Guaiiaxuato, which I have elsewhere 
described® by the circumstance that it was, as is usually 
the case, accomj)anicd by earthquakes, Avliich were not 
felt in tile -mountain city in January, 1784. The erup¬ 
tion of the new volcano, about 3 o’clock in the morning, 
was foretold the day before by a phenomenon which, in 
other eruptions, does not indicate their commencement but 
their conclusion. At the point where the great volcano now 
stands, there was formerly a thick wood of the Guayava 
{Psidiim pyriferum)y so much valued by the natives on ac¬ 
count of its excellent fruit. Labourers from the sugar-cane 
fields (eafiaveralcs) of the Hacienda de San Pedro Jorullo, 
belonging to the rich Don Andres Pimentel, who was then 
living in Mexico, had gone out to collect the fruit of the 
guayava." When they returned to the farm (hacienda) it 
was remarked with astonishment that their large straw hats 
AV'ere covered with volcanic ashes. Fissures had, conse¬ 
quently, already opened in what is now called the Malpais, 
probably at the foot of the liigh basaltic dome el Cxiiclic^ 

^ Atlas G^ographique et Physique, accompanying the Itclation JltJ- 
ioingiief 1814, pL 28 and 29. 

Cosmos, vol, V. pp. 279—280. 

^ Coa7no8, vol. i, p, 205, and vol. v. p. 179- 
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which threw out these a.she5 (rapilli) before any change ’ 
appears to have occurred in the plain. From a letter of 
Father Joaquin de Ansogorri, discovered in the Episcopal 
archives of Valladolid, which was written three weeks after 
the day of the first eruption, it a])])ears evident that Father 
Isidro Molina, sent from the neighbouring Jesuits’ College 
of Patzeuaro to give spiritual comfort to the inhabitants 
of the Playas de Joriillo, who were extremely disquieted by 
the subterranean noi>se and cartlifpiakes,” was tlie first to 
perceive the increasing danger, and thus caused the preser¬ 
vation of the small population. 

In the first liours of the night the black ashes already lay 
a foot deep ; every one fl<'d towards the hill f)f Aguasarco, 
a small Indian village, situated 2100 feet higher than the 
old plain of Jorullo. From this height (so runs the tra¬ 
dition) a largo tract of land was seen in a state of fearful 
fiery eruption, and in the midst of the flames (as those 
who witnessed the ascent of the mountain expressed them¬ 
selves) there appeared, like a black castle (castillo negro), a 
groat, shapeless mass (hulto grande)”. From the small po¬ 
pulation of the district (the cultivation of indigo and cotton 
was then hut very little carried on) even the force of long- 
continued cartlujuakcs cost no human lives, although, as 
I learn from manuscript records houses were over- 

® In my Esmi Politique mr la NovTelle-Esparfne, in the two editions 
of 1811 and 1827 (in the latter, t. ii, ]ip. 105—17.5), T have, as the nature 
of thi.t work ivquired, only given a condensed abstract from my 
journal, without being able to hirnish a topographical pl?fii of the 
vicinity or a chart of the altitudes. From the importance which 
has been assigned to this great phenomenon of the middle of the last 
century, I have thought it necest^ary to couiidete this abstract here. 
I am indebted for pai'ticnlar details relating to the new volcano of 
Jorullo to an official document, written three weeks after the day of 
the first erujition, but only discovered in the year 1830 by a very 
scientific Mexican clergyman, Don Juan Josd Pastor Moi'ales; and 
also to oral communications from my companion, the Biscayan Don 
Ramon Kspolde, who Lnd been able to examine living eye-witnessoa 
of the first eruption. Morales discovered in the Archives of the 
Bishop of Michnacan, a report Addressed on the 19th of October, 1759, 
by Joaquin de Anaogorri, Priest in the Indian village la Guacana, to 
his Bishop. In his instructive work {Aufenthalt undRdaen in Mexicop 
1836) Burkart has also given a shoit extract from it (Bd. i. s. 230), 
At the time of my journey, Don Ramon Espelde was living on the 
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turned by tliem near the copper mines of Inguaran, in the 
small town of Patzcuaro. in Santiago do AriOj and many 


plain of Jomllo, and lias the merit of having first asce^iclcd the 
summit of the volcano. Some years aftciwards he attached himself 
to the expedition made on the 10th Ararcli, 1789, by the Iiitendento 
Corregidor, Don Juan Antonio de Kiaiio To the same expedition 
belonged a well-informed German, Fuuiz Fischer, who had entered the 
Spanish service as a Mining OfUiimbsary. Dy means of the latter the 
name of the Jonillo fiiNl, hi‘4.;wue known in Germany, as he mentioned 
it in ah'tler in the Mirtjfm tliv Bcrfjhttiikunde^ Bd. ii., 

a, 441. But the eiMiplmn of tin* new volcano liad already been re- 
feiTed to in Italy,—in Clavigero’s *S7or/a antica del Mcs'^ico (Ccsena, 
1780, t. 1 , p. 4‘J), and in the poetical work, Ttustivatio of 

Father Raphael Landivar (od. altera, Bologua, 1782, ]>. 17). In his 
valuahlo work, ClaMgero eironeoUKly jdaces the production of the 
volcano, which ho wuitrs Jiinno, in the year 1700, and enlarges the 
description of the eruption by necounts of the shower of ashes, ex¬ 
tending as far as (Jueivtaro, winch had been communicated to him 
in 1700 by Don Jiuui Maiincl de Bustamence, Governor of the Fro- 
vince of Valladolid do MuJinacaii, as an cyc-witncsa of the jiheno- 
meuon. The [»oet Tiaudivar, an eiithnsiastic adherent, ]d\e Ovid, of 
our theory of upheaval, makes 1,Iic (kjossus ri^'C, in ^ uphonioua hexa¬ 
meters. to the full height of J nnlliaiin, and finds the thermal springs 
(after the fashion of the auciOMts) cold hy day and warm at night. 
But I saw tho thennonicter rise to in the water of the llio 

de Cuitimba about noon. 


In 1789, and coiise(pieiitl 3 »' in the same year that tho repoit of the 
Governor Riaho .lud the Mining Coinmis'>ary k'ransc I^'iseher, appealed in 
the Gazeta rh Mejc^ico^ in the 11 fill part of his largo and useful ])lccionarlo 
geotjrdjiro-kisforico de Jan Indian Orridf'ntales 6 Aincriraf in the article 
Xiiruilo, pp. J74—Ii7/i) Antomo de Alcedn gave the interesting infor¬ 
mation that, when the eartlnjuakes commenced (29th Juno, 1759) in 
the Playiis, the western volcano of (Joluna, which was in ern[>tion, 
suddenly became quiet, although it is at a disianoc of 70 leguas” (as 
Alcedo aa\s: according to my map only 112 geog. miles !) from the 
Playas. “ It is thought/’ he adds, *• that the materials in the 
bowels of the earth Lave met with obstacles to thoir following their 
old course ; and as they have foiiml suitable cavities (to the east,” 
they have broken out at Jondlo —para rri'entar en XuruUo).— 
Accurate topograjihical stalements regardmg the neighbourhood of 
the volcano occur also in Jinm Jo.sd Martinez de Lejarza’s geogra¬ 
phical sketch of the ancient I'araskiau country . A udltsls esfadistico 
dc La.provinc'ia de Michiiai'an cri 1822 (Mexico, 1824), pp. 125, 129, 
.130, and 131. The tostirnony of the author, living at Valladolid iir 
the vicinity of Jorullo, that, since my residence in Mexico, no trace 
of an increased activity has shown itself in the mountain was the 
earliest contradiction of tho report of a new eiaiptiou in the year 
1819 (Lyoll, Principles of Geology, 1855, p, 430). As the position of 
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miles further;, but not beyond San Pedro Cliurumucu. In 
the ILicieiida de Jorullo, diirin % the fyenera.1 nocturnal 
flight, they forgot to remove a denf end dumb negro slave, 
A mulatto had the humanity to vctui'u and save him, 
while the house was stiU standing. It is still narrated 

o 

that he was found kneeling, v/itli a consecrated taper in 

Jorullo in latiturle is not ivitliout importance, I have noticed that 
Lejnrza, who otherwise always follows my astronomical determi¬ 
nations of position, and who gives the longitude of Jorullo exactly 
like myself as 2° 25' west of the meridian of Mexico (101® 29' west 
of Greenwich), differs from rnc in the latitude. Is the latitude attri¬ 
buted by him to the Jorullo (18® 58' 30''), which comes nearest to 
that of the volcano of Popocatepetl (18® 59' 47"), founded upon re¬ 
cent observations nnkiiowm to nie^ In my Jlerueil d'Ohnerv. Ast7'ono^ 
wiqy^Hj voL ii, p. 521, I have said expi'essly, Latitude .s?tppo.scf*, 19® 8', 
deduced from good astronomical observations at Vallatlolid, which 
gave 19® 52' 8", and from the Itinerary direction." I only recognized 
the importance of the latitude of Jorullo, when subsequently I was 
drawing up the great map of ^loxico in tbo capital city and inserting 
the E.—W. scries of volcanoes. 

As in the.se considerations ui)oii the origin of Jorullo, T have repeat¬ 
edly mentioned the traditions which still prevail in the neighbourhood, 

I will conclude this long note by referring to a very popular tradition, 
which I have already touched upon in .mother work {Bssai Polifiqtte 
ifur la NouvHle Pspnynef t. ii, 1827, ]). 172);—“ According to the belief 
of the native,5, theso extraordinary changes which we have juat 
described, arc the work of the monks, the greatest, perha})S, that'they 
have produced in cither htunisflicre. At the Plapas de iu 

the hut that wo occuj»ied, our Indian host told us that, in 1759, the 
Capuchins btdouging to the mission preached at tlie station of San 
Podro, but that, not having been favourably received, they charged 
this beautiful and fcitihi ydain, with tho mo,st horri^e and compli¬ 
cated imprecations, prophesying that first of all the house would bo 
tlevoiircd by flames which would issue from the earth, and that after¬ 
wards the Kurrouuduig air would become cooled to such a degree that 
the noighbouring mountains would remain eteiiially covered with 
»now and icc. The former of these maledictions having liad such fatal 
consequences, the low'ei: clas.s of Indians already sec in the gi'adual 
cooling of the volcano, the pre^^age of a perpetual winter." 

Next to that of tho poet, Father Landivar, the first printed account of 
the catastrophe Avas probably tliat already mentioned in the Gazeta de 
Mexico of the 5th May, 1789 (t. iii, Nurn. 30, pp. 293—297); it bearg 
the modest title, Snpei'fidal y nadafacvMativa Descripevm del estado 
tn q%€ se liallaba el Volcdn de Jorullo La manana del did 10 de Marzo de 
1789, and Avas occasioned by the exjicdition of Riafto, Franz Fischer, 
and Eapelde. Subsequently (1791) in tho naval astronomical expedi¬ 
tion of Malaspina, the hotauisis, Mocirio and Don Martin Sesse, visited - 
Jorullo, from the Pacific coast. 
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his hand, before the picture of Nuestra Senora do Gua¬ 
dalupe. 

According to the tradition, widely p.nd concordantly 
spread amongst the natives, the eruption, during the lirst 
days, consisted of great masses of rock, scorije, sand, and 
ashes, but always combined with an effusion of muddy water. 
In the memorable report, already mentioned, of the lOtli 
of October, 1759, the author of which was a man who, 
possessing an aecixrate knowledge of the locality, describes 
what had only just taken place, it is exj)ressly said : Qup 
espele cd dicho Volcan arena, ceniza y agua. All eye-witnesses 
relate (I translate from the descrij)tion which the Inten- 
• dant. Colonel Riauo, and the German Mining Commissary, 
Franz Fischer, who had passed into the 'Sj^anish service, 
have given of the condition of the volcano of Jorullo on 
the 10th March, 1789), that before the terrible mountain 
made its appearance (antes do reventar y aparocei'se cstc 
terrible Corro), the earthquakes and subterranean noises 
became more frequent; but on the day of the eruption 
itself the flat soil was seen to rise perpendicularly (so ob¬ 
serve, quo el plan de la tierra se levantaba ]»erpendicular- 
mente), and the whole became more or less inflated, so that 
blisters (vexigones) appeared, of which the largest is now 
the volcano (do los que el mayor es hoy el Cerro del Voh 
can). These inflated blisters, of very various sizes, and 
partly of a tolerably regular, conical form, subsequently 
burst (estas ampollas, gruesas vegigas 6 conos diferente- 
mentc regulavcs ea sus liguras y tamanos,revcnt5,ron despucs), 
and threw boiling hot earthy mud from their orifices (tierras 
hervidas y calientes), as well as scoriaceous stony masses (pic- 
dras cocidas ? y fundidas), which are still found, at an 
immense distance, covered with black stony masses.” 

These historical recoixl.s, which we might, indeed, wish to 
aee more complete, agnic perfectly with what I learnt from 
the mouths of the natives 14 years after the ascent of An¬ 
tonio do lliafio. To the questions, whether “the castle 
mountain,” was seen to rise gradually for months or years, 
or whether it appeared from the very first as an elevated 
peak, no answer could he obtained. Riafio’s assertion that 
further eruptions had taken place in the first 16 or 17 
years, and therefore up to 1776, was declared to he untrue. 
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According to the tradition, tlic phenomena of small erup¬ 
tions of water and mud which were obscx'ved duritig the 
first days simultaneously with the incandescent scoi-ite, are 
ascribed to the destruction of two brooks, which, springing . 
on the western declivity of the mmnitaiu of Santa lues, and 
consequently to the east of the Oeri'o dc Cuiche, abundantly 
irrigated the cano-iields of the former Hacienda d('- San 
Petlro de Joriillo, and flowed onwards far to the west to the 


Hacienda de la Prcscntacion. 


Near llu;ir origin, tlic point 


i^ still sliowu where they disapi)er.rcd in a fissure with their 
formci'ly cold watei's, dinaiig the elevation of the eastern 
border of the- Mal})ais. lluauiiig below the lloi'iiitos, they 
reappear, according to the general opinion of the people of. 
the country, heated, in two thermal sijrings. As the ele- 
■vated part of the Malpais is there almost perpendicular, they 
form two small waterfalls, which 1 hav*; seen and i’ 02 )rcscnted 


in my drawing. For 
de San Pedro and Jiio 


each of tiieiu blie ))reviou3 name, flio 
de Cnitimba, has been retained. At 


this point I found the temperature of tlic steaming water to 
be 12G°-8. During their long coxirsc the waters arc only 
heated, but not acidulated.- 'J'he tost pajiers, which I usually 
carried about with me, underwent no change; but further 
on, near the llackaida de la Prcscntacion, towards the 
' Sierra de las Canoas, there flows a spring impregnated with 
sulphuretted hydrogen gas, which forms a basin of 20 feet 
in breadth. 


Iti order to acquire a clear notion of the complicated outline 
and general form of the surface of the ground, ki which such 
remarkable upheavals have taken place, we must distinguish 
hypsometrically and morphologically :—1. The position of 
the volcanic system of Jorullo iu relation to the average level 
of the Mexican plateau ; 2. The convexity of the Malpais, 
which is covered by thousands of hornitos ; 3. Tile fissure 
upon which six large, volcanic, mountain-masses have arisen. 
On the western portion of the Central ('ordillera of Mexico, 
which strikes from S.S.E. to N.N.W., the plain of the 
Playas de Jorullo, at an elevation of only 25/>7 feet above 
the level of the Pacific, forms one of the horizontal moun¬ 


tain terraces, which, everywhere in the Cordilleras, interrupt 
the line of inclination of the declivity, and consequently 
m61*e or less impede the decrease of heat in the superposed; 
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strata of the atmosphere. On dosconcling from the central 
plateau of Mexico (whoso ineaii elevation is 74GO feet), 
to tho corn-fields of Valladolid de Michuacan, to the charm¬ 
ing lake of Patzcuaro, with the inhabited islet Janicho 
and into tho meadows around Santiago de Ario, which 
Bon[>land and I found adorned witli the dahlias which have 
since become so Avell known, wo have not descended more 


than nine hundred or a thousand foot. But in parsing from 
Ario on the steep declivity over Aguasarco into the level of 
the old plain of J orullo, we diminish tlie absolute elevation in 


this short distance by from 3850 to 4250 feet’. Tlie roundish. 


convex part of tlie uidienvcd ji’ain is about 12,790 feet in 
diameter, so that its area is more than seven square miles. 
Tho true volcano of Jorullo and the five other mountains 


whicli rose siinultaneousiy witli it upon the same fissure, are 
so situated that only a small poitlon of the Malpais lies to 
tlie east of them. 'I’owiu’ds (.he west, therefovti, the number 
of hornitos is much lurgtT. and wlien in early morning I 
issued from the Indian huts of the IMayas do Jorullo, or 
asccaided a portion of the (Jen’o del Mirador, I saw the black 
volcano ])rojectinp; very picturesquely above the innumerable 
white columns of smoke of the little ovens” {ho 7 ^?iitos). 
Both tlie houses of bhe Playas and tlie basaltic hill Mira¬ 
dor are situated upon the level of tlio old non-voleanic, or, 
to sp?ak more cautiously, uu-uj)heaved soil. Its beautiful 
vegetation, in which a miiltitiule of salvias bloom beneath 
tho shade of a new species of fan palm {Corypha pnmos)^ 
and of a now alder (^Alniis JovnUansis)^ contrasts with the 
desert, nuked aspot t of the Malpais. Tlie comparison of the 
height of the haromotet® at the point wlicro the upheaval 

" My barometric moaaurements give for Mexico 11G8 toises (7470 
feet), ViiUiidolul lOOii toiae.s (6409 feejt), Patzeuaro 1180 toiaoa (7227 
feet), Ario 994 toises (6358 feet), Agnasarco 780 toises >4 -‘89 feet), for 
the ol(i plain of tlie Playas de Jitrnbo 401 fcoi.ses (2.‘;<S4 fott^ (Humboldt, 
Ohserv. Astron. vol. i, p. 327, Nivellc^iient BavtnnAnque, No. 366—370). 

® If the old plain of tlie Playas be 401 toi-^e-s (2584 feet), I find for 
the maximum of convexity of the ,Malpais above the sca-levcl 487 
toises (3115 feet); for the ridge of the groat lava-stream 600 toisea 
(3838 feet); for the highest margin of the crater 667 toises (4266 feet); 
for the lowest point of the crater at which we could establish the 
barometer 644 toises (4119 feet). Cousequeutly the elevation of tho 
summit of Jorullo above the old plain appeared to be 263 toises or 
1682 foet. 
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commences in the Playas, with that at the point immediately 
at the foot of the volcano, gives 473 feet of relative per¬ 
pendicular elevation. The house that we inhabited stood 
only about 500 toises (3197 feet^ from the border of the 
Malpais. At that })lace there was a small perpendicular pre¬ 
cipice of scarcely 12 feet high, from which the heated water 
of the brook (Rio de San Pedro) falls down. The portion 
of ’the inner structure of the soil which I could examine at 
the precipice, showed black, horizontal, loamy strata, mixed 
witli sand (rapilli). At other points which I did not see, 
Rnrkart has observed ‘‘on the perpendicular boundary of 
the upbeaved soil, where the ascent of this is difficult, a light 
gray and not very dense (weathered) basalt, with numerous 
grains of olivine.”® This accurate and experienced observer 
has, however,^® like myself, on the spot, conceived the idea of 
a vesicular upheaval of the surface effected by elastic va¬ 
pours, in opposition to the opinion of celebrated geogno- 
sists^^ who ascribe the convexity, which I ascertained by 
direct measurement, solely to the greater effusion of lava 
at the foot of the volcano. 

The many thousand small eruptive cones (properly rather 
of a roundish or somewhat elongated, oven-likc form) which 
cover the upheaved surface pretty uniformly, are on the 
avei;age 4 to 9 feet in height. They have risen almost ex- 

® Burkart, Aufenthalt and Rcisoi in Mejrlco in den Ja3irenj 1825— 
1834, Bd. i (183(i), jj. 227. 

Op, dt. sup. Bd. i, pp. 227 and 230. 

Poulett Seropo, Consideraimis on Volcanoes, \\ 267; Sir Charles 
Lyell, Principles of Ueology, 1853, p* 429; Manual of Geology, 1856, 
p. 580; Daubeny on Volcanoes, p. 337. Sco also “ on the elevation 
hypotlicsifl/' Dana, Geology, in the United States Exploring Expedition, 
vol. X, p. 369. Constant Prevost, in the Comptes rendus, t. sli (1855), 
pp. 86G—876, and 918—923 : swr Ics eruptions et le fi7*apeau de Vinfail- 
libilite.” See also, with regard to Jorullo, Carl Pieschel’s instructive 
description of the volcanoes of Mexico, with illustrations by Dr. Gum- 
precht, ill the Zeitschrift fiir Allg. Erdhinde of the Geographical Society 
of Berlin (Bd. vi, s. 490—517); and the newly 7 )ublished picturesque 
views in PiesebeVs Atlas dcr Vulkane der Bepublik Mexico, 1856, 
tab. 13, 14, and 15. The Koyal Museum of Berlin, in the department 
of engt'avings and drawings, possesses'a splendid and numerous col¬ 
lection of rejiresentations of the Mexican volcanoes (more than 40 
alieots), taken from nature by Moritz Rugendas. Of the most western 
of all Mexican volcanoes, that of Colima alone, this great master has 
furnished fifteen coloured views. 
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clusively on the western side of the great volcano, as indeed, 
the eastern pai-t towards the Ccrro de Cuiche, scarcely con¬ 
stitutes a^th of the entire area of the vesicular elevation of 
the Playas. Each of the numerous homitos is composed of^ 
weathered basaltic spheres, witli fragments separated like 
concentric shells j I was frequently able to count from 24 to 
28 such shells. The balls are flattened into a somewhat 
spheroidal form, and are usually 15—18 inches in diameter, 
but vary from 1 to li feet. The black basaltic mass is pene¬ 
trated by hot vapours and broken up into an eaithy form, 
although the nucleus is of greater density, whilst the shells, 
when detaclied, exhibit yellow spots of oxide of iron. Even 
the soft, loamy mass which unites the balls is, singularly 
enough, divided into curved lamella), which wind through 
all the interstices of the balls. At the first "lance I asked 
myself whetlier the whole, iustead of weathered basaltic 
spheroids, containing but little olivine, did not perhaps pre¬ 
sent masses disturbed in the course of their foianation. But 
in opposition to this we have the analogy of the hills of glo¬ 
bular basalt, mixed with layers of clay and marl, which are 
found, often of very small dimensions, in the central chain of 
Bohemia, sometimes isolated and sometimes cvowninct Ion" 

• • . o 

basaltic ridges at both extremities. Some of the homitos 
aro so much broken up, or liavc such large internal cavities, 
that mules when compelled to place their fore-feet u[)on the 
flatter ones, sink in tlccply, whilst in similar ex]icririients 
which I made, the hills coustriieted by the termites, re¬ 
sisted. 

In the basaltic mass of tho homitos T found no iramcr.scd 
scoria), or fragments of old .rocks which had been penetrated, 
as is the case in the lavas of the great Jorullo. The appel¬ 
lation Hornos or lloruitos is especially justified by the cir¬ 
cumstance that in each of them (I .speak of the period when 
I travelled over the Playas do Jorullo and wrote my journal, 
18 September, 1803,) the columns of smoke break out, not 
from the summit, but laterally. In the year 1780, cigars 
might still be lighted when tlaey were fastened to a stick 
and pushed in to a depth of 2 or 3 inches ; in some places 
tho air was at that time so much heated by the vicinity of 
the homitos, that it was necessary to tiu*n away from 
one’s proposed course. ITotwithstanding the refrigeration 



318 


COSMOS. 


which, according to the universal testimony of the Indians, 
the district had undergone wtliin 20 years, I found the 
temperature in the fissures of the horuitos to range between 
199“ and 203° ; and at a distance of twenty feet from some, 
hills, the temperature of the air was still 108“'5 and llfi°'2, 
at a point where uo vapours reached lue; the true tem¬ 
perature of the atmosphere, of the Playas being at the same, 
time scarcely 77“. The weak sulphuric vapours decolo¬ 
rized strips of test paper, and rose visibly, for some hours 
after sunrise, to a height of fully GO feet. The view of 
the 'columns of smoke was most remarkable early in a cool 
morning. Towards midday, and even after 11 o’clock, they 
had become veiy low and were visible otdy from their imme¬ 
diate vicinity. In the interior of many of the hornitos we • 
heard a I’ushiug sound like the fall of water. The small ba¬ 
saltic hornitos are, as already remarked, easily destructible. 
When Burkart visited tlie Maljrais, 24 years after me, he 
found that none of the Irornitos were still smoking; their 
temperature being in mo.st ca,sc.s the same as that of the 
surrounding air, while many of them had lost all regularity 
of form by h(!avy rains and meteoric iulluences. Near the 
jirincijral volcano Burkart found small cones, which were 
comjiosed of a brownish-red c(jnglomerate of rounded or 
angular fragments of lava, and only loosely coherent. In 
tfie midst of the upheaveci area, covered with hornitos, there 
is still to he seen a l emnant of the old elevation on which 
the buildings of the farm of Sau I’cdro I’csted. The hill, 
■which I have indicated in my plan, forms a ridge directed 
east and west, and its j^reservation at the foot of the great 
volcano is most astonishing. Only a part of it is covered 
with dense sand (burnt rapilli). Tlie projecting basaltic 
rock, grown over with ancient trunks of Ficus indica and 
Fsidimi^ is, certainly, like that of the Cerro del Mirador 
and the high mountain masses which hoxind the ])laiu to 
the eastward, to be regarded as having existed before the 
cat^trophe. 

It remains for me to describe the vast fissure upon which 
a series of six volcanoes has risen, in the general direction 
from south-south-west to north-north-east. The partial 
direction of the first three, less elevated volcanoes situated 
most southerly is S.W—N.E, j that of the three following 
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near S.—N. The fissure has consequently been curved, 
and has changed its strike throughout its total length 
of 10,871 feet. The direction here indicated of the linear 
but not contiguous mountains is certainly nearly at right 
angles with the line upon which, according to my observation, 
the Mexican volcanoes follow each other from sea to sea. 
But this differonco is the less surprising if we consider that 
a great geognostic phenomenon (the relation of the principal 
masses to each otlicr across a continent) is not to be con- 
formded with the local conditions and direction of a single 
group. The long ridge of the great volcano of Piohincha 
also, is not in the same direction as the series of volcanoes 
of Quito; and in nou-volcanic chains, for example in the 
Himalaya, the culminating points are often situated, as 
I have already pointed out, at a distance from the general 
line of elevation of the chain. They are situated upon par¬ 
tial snowy ridges which even form nearly a right angle with 
this general lino of u])hcaval. 

Of the six volcanic hills which have risen upon the above- 
mentioned fissure, the first three, the more southern ones, 
between which the road to the co])per mines of Inguarau 
passes, appear, in their preseut condition, to be of least im¬ 
portance. They arc no longer ojK-u, and are entirely covered 
with grayish white, volcanic sand, which however does not 
consist of pumice-stone, for T have seen nothing either of 
pumice or obsidian in this region. At Jorullo also, as at 
Vesuvius according to the asseidion of Tjcopold von Buch and 
Monticelli, the last covering-fall of ashes appears to have been 
the white one. The fourth, more northern mountain is the 
large, triU! volcano of Jorullo, the summit of which, not¬ 
withstanding its small elevation (4205 feet above the sea 
level, 1151 feet above the Malpais at the foot of the volcano, 
and 1681 feet above the old soil of the.Playas), I had 
some difficulty in reaching, when I ascended it with Bon- 
pland and Carlos Montufur on the 19 th September, 1803. 
Wo thought we should be most certain of getting into the 
crater, which was still filled with hot sulphurous vapour-s, 
by ascending the steep ridge of the vast lava-stream, which 
burst forth from the veiy summit. The course passed over a 
crisp, sooriaceous, clear-sounding lava, swelled up in a coke¬ 
like, or rather cauliflower-like form. Some parts of it have 
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a metallic lustre : others are basaltic and full of 
nules of oliyine. When we had thus ascended to the Aip^r 
surface of the lava-stream at a pei'pendicular elevatibn of 
711 feet, wc turned to the white ash cone, on which, from 
its great steepness, we could not but fear that during fre¬ 
quent and 1 ‘apid slijDS wc might be seriously wounded by the 
rugged lava. The upper margin of the crater, on the south 
western part of which W'C placed the instruments, forms 
a ring of a few feet in width. We ^arried the barometer 
from the margin into the oval crater of the truncated cone. 
At an open fissure air streams forth of a temperature of 
200°*6. We now stood 149 feet in ])erpendicular height 
below the margin of the crater; and the deepest point of 
the cliasm, the attaiiini('iit of which we were compelled to 
give up on account of t})c dense sulphurous vai)Ours, ap¬ 
peared to be only al)out twice this depth. The gcognostic 
discovery which had the most interest for us, was tlie find¬ 
ing of several white fragmciiis, three or four inches in dia¬ 
meter, of a rock rich in felspar baked into the black basaltic 
lava. I regarded these at first^® as syenite, but from the 

M. Bonpland and myself were particularly astonished at finding, 
encased in the basaltic, litlioid juid scorified lavas of tlio volcano of 
Jorullo, white or greenish white angular fragments of Siienite, com¬ 
posed of a little amphibole and a great quantity of lamellar felspar. 
Where these masses have been split by heat, the felspar has become 
filamentous, so that the margins of the crack are united in some places 
by fibres elongated from the mass. In the Conlilleraa of South 
America, between Popayan and Alm;iguer, at the foot of the Cerro 
BroncoHo, I have found actual fragments of gneiss cricasJB in a trachyte 
abounding in pyroxene. These phenomena prove that the trachytic 
formations have issued from beneath the granitic crust of the globe. 
Analogous phenomena are presented by the trachytes of the Siehenge- 
hirge on the banks of the Rhine, and by the inferior strata of Phono- 
lite {Porphyrschiefer) of the Biliner lutein in Bohemia/’ (Humboldt, 
Essai Giognostique but le Gisement dcs Rochcf^, 1823, pp. 133 and 339* 
Burkart also {Aufevthalt und Reisen in Me.dco, Bd. i, s. 230) detected 
enclosed in the black lava, abounding in olivine, of Jorullo : “Blocks 
of a metamorphosed syenite. Hornblende is rarely to be recognized 
distinctly. The blocks of syenite may certainly furnish an incontro* 
vertible proof, that the scat of the focus of the volcano of Jorullo is 
either in or below tho syenite, which shows itself in considerable 
extent, a few miles (leguas) further south, on the left bank of the Rio 
de laa Balsas, flowing into tho Pacific Ocean/' Dolomicu, and, in 1832* 
the excellent geogiiosist, Friedrich Hofimann, found in Lipari, neat 
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examination hy Gustav IRosc, of a fragment which I 
bW)Ught with me, they probably belong rather to the granite 
fotmatioHj which Thirkart has also seen emerging from 
below the syenite of the Rio <le las Balsas. The iuelosure 
is a mixture of quartz and felsj^ai'. The blackish green spots 
appear to be not liornblcnde, but mica fused with some 
felspar. The Avhit(‘ fragment baked in is split by volcanic 
heat, and in the crack white, tooth-like, fused threads run 
from one margin to the othoi\” 

To the noith of the great volcano and th(‘ scoriaceous 
lava mountain which it has vomited fortli in the direction 
of the old basalt of the Ceno del Mortero, follow the two 
last of the six often-raontioned eriqitions. 3'heso hills also 
wore originally veiy active*, for the people still call the ex¬ 
treme mountain of ashes, el Volcancito. A broad fissure 
opened towards the west, bears the traces of a destroyed 
crater. The gioaL vole mo, like the Epon*co in Ischia, ap¬ 
pears to have only once poured out a mighty lava-strcain. 
That its lava-pouting attivity endured after tlie perk id oi 
its first eruption, is not proved liistorically; for the valuable 
letter, so happily discovered, of Father Joaquin de Ansogorri, 
written scarcely three weeks after the fiist eiuptiou, treats 
almost exclusively of the means of making ^^arrangements 
for the better pastoral care of fhe country pi'Ojile who had 
fled from the eatastroiiho and become disjiersed .md for the 
following thirty yeais we have no lecords. As the tiadition 
speaks very generally of fires which covered gicat a sur¬ 
face, it is certainly to be sujipo^'ed tluil all tlm six hills upon 
the great fis^.ure, and the portion of the Malpais itself in 
which the Horuitos liavc appeared, were simultaneously in 
combustion. The temperature of the suii’ounding ah', which 
I measured, allows us to judge of the heat which jirevailed 
there 43 years previously; they remind one of the foimer 
condition of our planet, in which the temperatine of its 
atmospheric envelope, and* with this the distribution of 
organic life, might be modified by the thermic action of the 
interior by means of deep fissures (under any latitude and 
for long periods of time*). 

Caueto, fragments of gnnitc, formed of pn-le rod felspar, black mica, 
and a little pale gray quartz, enclosed in, compact masses of obsidian 
(Foggondorfi's AnnaUn dtr Phy^ik, Bd. xxvi, b. 49). 

VOL, V. 
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Since I described the Hornitos which surround the vol* 
cano of Jorullo, many analogous platforms in various regions 
of the world, have been compared ^vith these oven-like little 
hills. To me, the Mexican ones, from their interior con¬ 
formation, appear still to stand in a very contrasting and 
isolated condition. If all upheavals which emit vapoui-s are 
to be called ertiptive-cones, the Horaitos certainly deserve 
the appellation of Fumaroles. But the denomination, erup¬ 
tive-cones, would lead to the erroneous notion that there is 
evidence that the Hornitos have thrown out scoriae, or even, 
like many eru]»tive-concs, poured forth lava. Very different, 
for example (to advert to a great phenomenon) are the three 
chasms in Avsia Minor, upon the former boundaries of Mysia 
and Phrygia, in the ancient burning country (Katake- 
kaumene) where it is dangerous to dwell (on account of 
the earthquakes),*’ which Strabo calls tjyvaai, or wind-bags, 
and which the meritorious traveller, William Hamilton, has 
rediscovered.^^ Eruptive cones such as are exhibited by the 
island of Lancerote near Tinguaton, or by Lower Italy, or 
(of hardly 20 feet in height) by the declivity of the great 
Kamtschatkaii volcano, Awatscha,^^ wliich was ascended in 
July, 1824, by my friend and Siberian comjianion, Ernst 
Hofmann, consist of scoriae and ashes surrounding a small 
crater, which has thrown them out, and has been in return 
buried by them. In the Hornitos nothing like a crater is to 
be seen, and they consist—and this is an important charac¬ 
ter—merely of basaltic balls, with sholl-like s^arated frag¬ 
ments, without any admixture of loose angular scoriae. At 
the foot of Vesuvius, during the great eruption of 1794 (and 

Strabo, lib. xiii, pp. 679 and 628 ; Hamilton, Researches m Asia 
Minort vol. ii, chap. 39. The most western of the three cones, now 
called Kara Devlit, is raised 532 feet above the plain, and has emitted 
a great lava-atream in the direction of Koula. Hamilton counted more 
than thirty small cones in the vicinity. The three chasms (lioGpoi and 
ipbaat of Strabo) are craters situated.upon conical mountains composed 
of acprise and lavas. 

Ermau, Reise um die Erde, Bd. iii, s. 538; Cosmos, vol. v, p. 248, 
Pofltels {Voyage dntour du Monde jiar le Cap. Latki, partiehisU t, iU, 
p. 76) and Leopold von Buch {Description Physique des Iks CanwrUs, 
p. 448) mention the similarity to the Hornitos of Jorullo, In a maim- 
script most kindly communicated to me, Erman describes a great 
number of truncated cones of scoriaj in the immense lava-field to the 
east of the Baidar Mountains on the peninsula of Kamtschatka. 
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also in earlier times), eight different, small craters of erup¬ 
tion, {bocche nuove) were formed, arranged upon a longitu¬ 
dinal fissure \ they are the so-called parasitic cones of erup¬ 
tion, v/hich poured foiiili lava, and are evtm by this ciremn- 
stance entirely distinct from the Horuitos of Jorullo. 
"Your Horuitos,’’ wrote Leopohl you Buch to me, "are 
not cones accumulated by erupted matters ; they have been 
upheaved directly from the interior of the earth.” The 
production of the volcano of Jorullo itself was compared by 
this great geologist with that of the Monte Nuovo in the 
Phlegrreari fields. The same notion of the uiiheaval of six 
volcanic mountains upon a longitudinal fissure forced itself 
as the most probable upon tVilunel Kiaho and the mining 
commissary Fischer in 1789 (see ante, p. 313), upon myself 
at the fir-it glance in 1803, and upon Burkart m 1827. 
With both the new mountains, produced in 1J38 and 1759, 
the same questions repeat themselves. Up<m that of South¬ 
ern Italy, the testimonies of Falconi, Pietro Giaeoino di 
Toledo, Francesco del Nero and Poizio, are circumstantial, 
near the time of the catastiophe and prepared by educated 
observers. The celebrated Porzio, who was the most 
learned of these observers, says:—" Magnus terrae tractus, 
qui inter radices mentis, quern Barbarum incolse appellant, 
ct mare juxta Avernumjacet, seso eriycrv videhatur et montis 
subito nascentis figuram imitari. Iste terrse cumulus aperto 
veluti ore magnos ignes evomuit, pumicesque et lapides, 
cineresque.” 

From the geognostic description here completed of the 
volcano of Jorullo, we will pass to the more eastern parts 
of Central Mexico (Anahuac). Unmistakeahle lava-streams, 
the principal mass of which is usually basaltic, have been 
poured out by the peak of Orizaba according to the most recent, 

Porzio, Opera omnia, Med ^ Phd. et Mathem. in urmim eoltecta, 
1736: accoiding to Duti-^noy, Mimoires pour servir d une description 
Giologique de la France^ t. iv, p. 272. All the genetic questions are 
discussed very completely and with praiseworthy impartiality in the 
9th edition of Sir Charles LyelVs Principles of Geology^ 1853, p. 369. 
Even Bouguer (Figure de (a Ten'e^ 1749, p. Ixvi) was not di'^inclined 
to the idea of the upheaval of the volcano of Pichiiicha. Ho says :— 
" It is not impossible that the rock, which is burnt and black, may 
have been elevated by the action of subterranean fire.*' See also 

i 
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interesting observations of Pieschel (March, 1854)'® and H. 
de Saussure. The rock of the peak of Orizaba, like that of the 
volcano of Toluca*' which 1 ascended, is com})Osed of horn¬ 
blende, oligoclasc, and a little obsidian; whilst the funda¬ 
mental mass of Popocatepetl is aChimbof'azo-rock, composed 
of very small crystals of oligoclase aiid augite. At the foot of 
the eastern tflope of Popocatepetl, westward of the town 
la Puebla de los Angeles, in the Plano de Tetimpa, where T 
measured the base for the determination of the elevation of 
the two great Nevados (Po|>ocatopetl and Iztaccihuatl) 
which bound the va'ley of hlexico, I found, at a height 
of 7000 feet above the '■ei, an extensive and myste¬ 
rious kind of lava-field It is called the Malpais (rough 
rubbish-field) of Atlachayaeitl, a low traehytic dome, on 
the declivity of which the river Atlaco rises and runs at 
an elevation of from GO to 85 feet above the adjacent ])lain, 
from east to west, and consequently at right angles to the 
volcanoes. From the Indian village of San Nicolas de 
los Ranchos, to San Buenaventura, I calculated the length 
of the Malpais at more than 19,200 feet, and its breadth at 
6400 feet. It consists of black, partully upraised lava-’ 
blocks of a fearfully wild ajjp 'aranco, and only sparingly 
coated here and there with lichen.s, contrasting with the yel- 
fowish white coat of pumice-stone which covers everything 
for a long distance round. The latter consists here of coarsely 
fibrous fragments of two or three inches in diameter, jn 
which hornblende crystals sometimes lie. ^Chi.s coarser 
pumice-stone sand, is (liftci\nt fi-om the very finely granular 
sand, which, near the rock cl Frayle and at the limit of per¬ 
petual snow, on the volcano Popocatepetl, renders the asce 
so dangerous, because, when it is set in motion on steep decli-' 
vities, the sand-mass, rolling down, threatens to overwhelm 
everything. Whetlier this lava field of fragments (in 
Spanish Malpais^ in Sicily Seiarra viva, in Iceland Odaada- 
jflraun,) is due to ancient lateral eruptions of Popocate¬ 
petl, situated one above the other, or to the somewhat 
rounded cone of Tetlijolo (Cerro del Covazon do Piedra) I 

18 Zeitschnft fur Allgemelne Erdl ufid(, Bd. iv, s. 398. 

For the inoie certain determinntion of the minerals of which the 
Mexican volcanoes are composed, old ami recent collections made 
by myself and Pieschel have been compared. 
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cannot determine. It is also gcognostically remarkable that, 
further to the cast, on the road towards the small fortress 
Perote, the ancient Aztec Pinahuizapanj between Ojo de 
Agna, Venta deSoto and el Portachuelo, the volcanic forma¬ 
tion of coarsely fibrous, white, friable perlite rises 
beside a limestone (Marinol de la Puebla) which is probably 
tertiary. This perlite is very similar to that of the conical 
liill of Zinapecimro (between Mexico and A^alladolid); and 
contains, besides lamiiiie of mica, and lumps of immersed 
obsidian, a glassy, bluish-gray, or somt^times red, jasper-like 
streaking. The wide perlite district” is here covered with 
a finely granular sand of weathered perlite, which'might be 
taken, at the first glance, for granitic sand, and which, not¬ 
withstanding its allied origin, is still easily distinguishable 
from the true, gi'ayish white pumicc-stone sand. The latter 
is more proper to the immeditite vicinity of Perote,—the pla¬ 
teau 7460 feet in height between tlic two volcanic chains of 
Popocatepetl and Orizaba, which strike north and south. 

When, on the road from Mexico to Vera Cruz, we begin 
to descend from the licights of the non-quartzose, trachytic 
porphyry of the Vigas towards Canoas and Jala pa, we again 
twice pa^>s over fields of fragments and scoriaceous lava:— 
the first time between the station Parage de. Carros and Canoas 
or Tochtlacuaya, and the second, between Canoas and the 
station Casas de la Iloya. The first point is called Loma de 
Tahlas on account of the numerous upraised, basaltic blocks 
of lava containing abundance of olivine ; the second simply 
el Malpau. A small ridge of the same trachytic porphyiy, 
full of glassy felspar, which forms the eastern limit of the 
Arenal (the perlitic sand-fields) near la ('ruz Blanca 
and Rio Frio (on the western declivity of the heights of 
las Vigas) separates the two branches of the lava-field 
which have just been mentioned,— the Lonia de Tablas, and 
the much broader Malpais. Those of the country people 
who are well acquainted with the district assert that the 
.band of scoriae is elongated towards the south-south-east, 
.and consequently towards the Cofre de Perote. As 1 have 

The beautiful marble of la Puebla comes from the quarries of 
Tecali, Totomehuacan and Portachuelo, to the south of the high 
trachytic mountain, el Pizarro. I have also seen limestone cropping 

near the terrace-pyramid of Cholnla, on the way to la Puebla, 
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myself ascended the Cofre and made many measurements 
on it,^® I have been biit little inclined to conclude, from a' 

The Cofre de Perotc stands nearly isolated to the south-east of 
the Fuerte or Castillo de Perote, near the eastern slope of the 
great plateau of Mexico; hut its great mass belongs to an impor¬ 
tant rarge of heights, which, forming the margin of the slope, 
extends in a north and south direction, from Cruz Blanca and Kio 
Frio towards las Vigas (lat. 19° 37' 37'') past the Cofre de Perote 
(lat. 19° 28' 57", long. 97° 7'20") to the westward of Xicochiraalco 
and AoLilchotIa to the Peak of Orizaba (lat. 19° 2' 17", long. 
97° 13' 6G"), parallel to the chain (Popocatepetl—IztaocihuatJ) 
which separates the cauldron-valley of the Mexican lakes from 
the plain of la Puebla. (For the grounds of these determinations 
see my Rccueil eVObserw Astron^ vol. ii, pp. 529—532 and 547, and 
also Anahfse de VAtlas du Me.vtque, or Essai Politique sur la Non- 
velle EspaqnCj t. i, pp. 55—60), As the Cofre has raised itself 
abruptly in a field of pumice stone many miles in width, it appeared 
to me in my winter ascent (the thermometer fell at the summit, on 
the 7th February, 1804, to 28°‘4) to bo extremely interesting, that 
the covering of pumicc-atonc, the thickness and height of which I 
measured baromctically at several points both in ascending and de¬ 
scending, rose more than 780 feet. The lower limit of the pumice- 
stone, in the plain between Perote and Bio Frio, is 1187 toiaes (7690 
feet) above the level of the sea ; the upper limit on the northern 
declivity of the Cofre 1309 toiaes (8370 feet); thence through the 
Pinahuast, tho Alto de loa Caxoncs (1954 toiscs —12,496 feet), where I 
could determine the latitude by the sun’s meridian altitude up to the 
summit itself, no trace of pumice-stone was to be seen. During the 
upheaval of the mountain, a portion of the coat of pumice-stone of 
the great Arenal, which has probably been levelled in strata by water, 
was carried up. I inserted a drawing of this zone of pumice-stone 
in my journal (February, 1804) on the spot. It is the same impor¬ 
tant phenomenon which muis desenbed by Leopold von Buch in the 
year 1834 on Vesuvius, whore horizontsd strata of pumi^ie-tufa were 
raised by the elevation of the volcano to a greater height indeed, 
1900 or 2000 feet towards the Hermitage del Salvatore {Pog~ 
gendorff*s Annalen, Bd. xxxvii, s. 175—179). The surface of 
the dioritic trachyte rock on the Cofre, at the point where I found 
the highest pumice-stone, was not withdrawn from obseiwation by 
snow. The limit of perpetual snow lies in Mexico under the latitudes 
of 19° or 19|°, only at the average elevation of 2310 toiaes (14,770 
feet), and the summit of tho Cofre, up to the foot of the small, house¬ 
like cubical rock where I set up the instruments, reaches 2098 
toiaes, or 33,418 feet above the sea level. According to angles of 
altitude the cubical rock is 21 toises or 134 feet in height; conse¬ 
quently the total altitude, which cannot be reached on account of 
the perpendicular wall of the rock is 13,652 feet above the sea. J 
found only single spots of sporadic snow, the lower limit of which, 
was 12,150 feet; about 700 or 800 feet below tho upper limit of 
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prolongation of the lava-stream which is certaiiily very pro¬ 
bable (it is so represented in my Profiles tab. 9 and 11, and 
in the Nivellemcnt Parometriquef, that it may have flowed 
from this mountain, the form of which is so remarkable. 
The Cofre de Perote, which is nearly 1400 feet liigher than 
the peak of Tenerifle, but inconsiderable in comparison with 
the giants Popocatepetl and Orizaba, forms, like Pichincha, 
a long rocky ridge, upon the southern extremity of which 
stands the small cubical rock (la Pena), the form of which 
gave origin to the ancient Aztec name of Nauhcampatepetl. 
In ascending the mountain I saw no trace of the falling in 
of a crater, or of eruptive orifices on its declivities; no 
masses of scoriae, and no obsidians, perlites or pumice-stones 
belonging to it. The blackish gray rock is very uniformly 
composed of much hornblende and a species of felspar, which 
is not glassy felspar (sanidim^) but oligochise; this would 
•show the entire rock, which is not porous, to be a dioritic 
trachyte. I descjibe the im])rcssious which I experienced. 

foreat-treea in heoutiful pine-trees : Pinna ovcMeMtalis, mixed with 
Oupreams sabiiioides and Arbutus Madrono. The oak, Quercua :rala- 
pens'isy had accompanied ua only to an iib'^olute elevation of 10,Ji40 
feet. (Humboldt, Nivellement haromeir. des CordiUtres, Noa. 414— 
429). The name of Nauhcampaiepetl, which the mountain bears in 
the Mexican language, is derived from its peculiar form, which also 
induced the Spaniards to give it the name of Cofre. It signifies 
“quadrangular mountain" for nauJicmnpa, formed from nahui, the 
^numeral four, signifies, as an adverb/rom fowr sidts^ but as an adjec¬ 
tive (although the Dictionaries do not state this), undoubtedly quad¬ 
rangular or four-sidedy as this signification is attached to the com¬ 
pound nawAcawpa ixquU'lu An observer, very well acquainted with 
the country, M. Pieschel, supposes the existence of an old crater- 
opening on the eastern declivity of the Cofre de Berote {Zdischrift 
far Allgem, Erdkimde^ lierausg, von, Gnmprechtj Bd. v, s. 125). I 
drew the view of the Cofre, given in my Vue.s des CordilUres, pi. xxxiv, 
in the vicinity of the castle of San Carlos de Perote, at a distance of 
about eight miles. The ancient Aztek name of Perote was Pinahui- 
Zapan, and signifies (according to Buschmami) the beetle pinahuiztli 
(regarded as an evil omen, and employed supcrstitiously in fortune- 
tolling : see Sahagun, Historia Gen. de las Cosas de Nueva Espana, 
t. ii, 1829, pp. 10—11) on the water; the name of this beetle is derived 
fropa pinahuaf to bo ashamed. From the same verb is derived the 
above-mentioned local name Pinahiiast {pinahuaztU) this district; 
ad well as the name of a shrub (Mimosaceso ?) pinahuihuiztU, trans¬ 
lated kerha verecunda by Hernandez, the leaves of which fall down 
when touched. 
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If the terrihle, black lava-field—Malpais—(upon which I 
have here purposely dwelt in order to counteract the too 
one-sided consideration of exertious of volcanic dbrce from 
the interior), did not flow from tl»e Cofi’c de Perote itself at a 
lateral opening’ still the upheaval of this isolated mountain 
13,553 feet in height, may have caused the formation of the 
Loma de Tablas. During such an upheaval, longitudinal 
fissures and networks of fissures may be produced far and 
wide by folding of the soil, and from these, molten masses 
may have poured directly, sometimes as dense masses, and 
sometimes as scoriaceous lava, without any Ibrmation of true 
mountain platforms (o})eu cones or craters of elevation). 
Do we not seek in vain in the great mountains of basalt and 
porphyritic-alate, for central points (crater-mountains) or lower, 
circumvallated, circular chasms, to which their common ]>ro- 
duction might he ascribed ? The careful separation of that 
which is genetically dilferent in phenomena:—the foima- 
tion of conical mountains with jjermaiiently open craters 
and lateral openings; f)f circumvallated craters of elevation 
andMnais ; of upraised closed hell-shaped mountains or open 
cones, oi* matters poured out from coaleseeiit fissures— 
is a gain to seicnec. It is so because the multiplicity of 
opinions which is necessarily called forth by an enlarged 
horizon of observation, and the strict critical compailson of 
that which exists, with that which is asserted to be th6 
only mode of production, are most powerful inducements 
to investigation. Even upon European soil, however, on the 
island of Eubma, so rich in hot springs, a vast lava-stream 
has been poiu*cd out/® within the historical j^criod, from 
a chasm in thfi great jdain of Lelanton, at a diKstaiice from 
any mountain. 

In the volcanic group of Central America, which follows 
the Mexican gi'ou]) towards the south, and in which eighteen 
conical and hell-shaped mountains may be regarded as still 
active, four (Nindiri, el Nuevo, Conseguina, and San Miguel 
de Bosotlan) have been rocoguized as j^roducing lava,*^ The 
mountains of the third volcanic group, that of Popayan and 
Quito, have alrea<ly for more tlian a century enjoyed the re- 

20 Strabo, lib. i, p. 58, lib. vi, p. 269, ed. Casaubonj CoamoB, vol. i, 
p. 236, and vol. v, p. 225. ,1 

' 21 See page 278, , 
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putation of fumisliing no lava-streams, but only incoherent, 
glowing scoriaceous masses, thrown out of the single summital 
crater, and often rolling down in a linc^ar arrangement. This 
was even the opinion^* of La Condamine, when he left the 
highlands of Quito and Cuen 9 a in the spring of 1743. Four¬ 
teen years afterwards, when he returned from an ascent of 
Vesuvius (4th June, 1755^, in which he accompanied the 
sister of Frederick the (rreat, the Margravine of Baireuth, 
he had the opportunity of expressing himself warmly, in a 
meeting of the French Academy, upon the want of true 
lava-streams {laves coulees par torrens de malieres liquefiees) 

^ “1 have never known,” says La Condamine, ‘*lava-ljke matter in 
America, although M. Bongner and myself have encamped for whole 
weeks and nionths upon the volcant>es, and especially upon those of 
Pichincha, Cotoj3avi, and Chimborazo. Upon these mountains I have 
only seen traces of calcination, without liquefaction. ^Nevertheless, the 
kind of blackish crystal, commonly called Piedra de Gallinago in Peru 
(obsidian), of which I liave brought home several fivigments, and of 
which a jidished lens of seven or eight inches in diameter, may be seen 
in the caliinot of the Jardin dii lloi, is nothing but a glass formed 
by .volcanic action. The m.ateriala of the stream of fire which flows 
continually from that of Saugai, in the province of Macas, to the south¬ 
east of Quito, are no doubt lava, l>ut we have only seen this mountain 
from a distance, and I was no long(T at Quito at the time of the last 
eruptions of the volcano of Cotojiaxi, when vents opened upon its 
flanks, from which ignited and liqiiid matters were seen to issue in 
streams, which must have been of a Riinilar nature to the lava of 
Vesuvius” (La Condamine, Jourtud de Yoyugr en Itidley in the 
Mimoires de VAcad, dea Hcieiu'cn, 1757, p. 3.'>7, IhMorle, jj. 12), The 
two examples, especiallythe first, are not happily dujsen. The Sangay 
was first scientifically examined in December of the year 1849, by 
Sebastian Wisse; what La Condamine, at a distance of 108 miles, 
took for luminous lava flowing down, and ‘'an efl'usioii of burning 
' sulphur and bitumen,” consists of red-hot stones and scoriaceous 
masses, which sometimes, pressed closely together, slip down on the 
steep declivities of the cone of ashes [^Cosmos, see above, p. 2G4). On 
Cotopaxi, as on Tunguralina, Chimborazo, and Pichiiielia, or on 
Puraco, and Sotara near Popayan, I have seen nothing that could be 
looked upon as narrow lava-streams, which had flowed from these 
colossal mountfiins. The incoherent, glowing masses of 5—6 feet in 
diameter, often containing obsidian, which Cotopaxi has scattered 
abroad during its eruptions, impelled by floods of melting snow and 
ice, have reached far into the plain, where they form rows partially 
diverging in a radiate form. La Condamine also says very truly else¬ 
where (Journal du Voyage d I'Equateur^ p. IflO):—1'heae fragments of 
rock, as largo as the hut of an Indian, form aeries of rays, which stiirt 
from the volcano as from a common centre.” 
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from the volcanoes of Quito. The Journal d'un Voyage en 
Italie, which was read at the meeting of the 20th April, 
1757, only appeared in 1762 in the J/ejHoircs of the Aca¬ 
demy of Paris, and is of some gcognostic importance in the 
history of the recognition of old extinct volcanoes in France, 
because in this journal, La Condaminc, with bis peculiar 
acuteness, and without knowing of the certainly earlier ob¬ 
servations of Guettard,*^ expres.ses himself very decidedly 
upon the existence of ancient crater-lakes and extinct vol¬ 
canoes in middle and northern Italy and in the south 
of France. 

This remarkable contrast between the narrow and un¬ 
doubted lava-streams of Auvergne tlnis early recognized, 
and the often too absolutely asserted absence of any effusion 
of lava in the Cordilleras, occupied me seriously during the 
whole period of rny expedition. AH Tny journals are full of 
considerations upon this problem, the solution of which I 
long sought in the absolute elevation of the summits and in 
< the vastness of the circuravallation, that is to say, the sink¬ 
ing of trachytic conical mountains from mount:lin-plains^>f 
eight or nine thousand (h500—9600 English) feet in eleva¬ 
tion and of great breadth. We now know, however, that a 
volcano of Quito, 17,000 feet in height, which throws out 
scoriae (that of Macas), is uninterruptedly much more 
active than the low volcanoes Izalco and Stromboli; we 
know that the eastern dome-shaped and conical mountains, 
Antisana and Sangay, have free slopes towards the plains of 
the Napo and Pastaza; and the western ones, Pichincha, 
Iliniza, and Chimborazo, towards the affluents of the Pacific 
Ocean. In many also the upper part projects without cir- ■ 
cumvallation eight or nine thousand feet above the elevated • 
plateaux. Moreover, all these elevations above the sea-lovel, 
which is regarded, although not qiiite correctly, as the mean 
elevation of the earth’s surface, are cei*tainly inconsiderable 
as compared with the depth which we may assume to be 
that of the seat of volcanic activity, and of the necessary, 
temperature for the fusion of rock-masses. ' 

23 Guettard’s memoir on the extinct volcanoes was read at the, 
-Academy in 1752, consequently three years before La Condamine’s^ 
journey into Italy; but only printed in 1756, consequently during the 
Italian travels of the astronomer. 
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The only phenomena resembling narrow lava-eruptions 
which I discovered in the Cordilleras of Quito, are those 
•presented by the colossal mountain Antisana, the height of 
which I determined to be 19,137 feet (/)833 metres), by a 
trigonometrical measurement. As the structure furnishes 
the most important critetion here, 1 will avoid the systematic 
denomination lava^ which confines the idea of the mode of 
production within too narrow limits, and make use, but 
quite provisionally, of the names ^^roclc-delms'^ (Fehtrum- 
mern) or detritus dylces^^ {Schnttwallen, trainees de masses 
volcaniqves), Tlie mighty mountain of Antisana, at an ele¬ 
vation of 13,458 feet, forms a nearly oval plain, more than 
12,500 toises (79,950 feet) in long diameter, from which the 
portion of the mountain covered with perjietual snow rises 
like an island The highest summit is rounded off and 
dome-&hai)ed. The dome is united by a '^hort jagged ridge 
with a truncated cone lying towards tlie north. In the 
plateau, partly desert and sandy, partly covered with grass 
(the dwellnig-]dace of a very spirited race of cattle, which, 
owing to the slight atmospheric ju'cssurc, easily expel blood 
from the mouth and nostrils when excited to any great mus¬ 
cular exertion}, is situated a small farm (Hacienda), a single 
house ill which we passed four days in a temperature varying 
between and 48"*2, The great plain, which is by no means 
circumvallated as in cratt'ra of elevation, hears the traces of an 
ancient sea-bottom. The Laguna Miea, to the westward of the 
Altos de la Moya, is to be regarded as the residue of the old 
covering of water. At the margin of the limit of perpetual 
snow, the Rio Tinajillas bursts forth, subsequently, under the 
qame of Rio de Quixos, becoming a tributary of the Maspa, 
the Hapo, and the Amazon. Two narrow, wall-like dykes, or 
elevations, which I have indicated upon the plan of Anti¬ 
sana, drawn by me, as coulees de laves, and which are called 
by the natives Volcan de la Hacienda and Yana Vulcan 
(Thwa signifies black or brown in the Qquechhua language), 
pass like bands from the foot of the volcano at the lower 
margin of the perpetual snow-line, and extend, apparently 
with a very moderate declivity, in a direction N.E.—S.W., 
for more than 2000 toises (12,792 feet) into the plain. 
With very little breadth they have probably an elevation 
of 192 to 213 feet above the soil of the Llanos de la Ha- 
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cienda, de Santa Lucia, and del Cnvillan. Their declivities 
are everywhere very ruf^gcd and steep, even at the extremi¬ 
ties. In their jiresent state they consist of eonclionlal and* 
usually sharp-edged fragments of a black basaltic rock, with¬ 
out olivine or hornblende, but containing a few small white 
crystals of felspar. The fundamental mass has frequently a 
lustre like that of pitchstone, and contains an admixture 
of obsidian, which was especially recognizable in very 
large quantity, and more distinctly, in the so-called Cueva de 
Antisana, the elevation of which wc found to be 15,942 feet. 
This is not a true ca\ern, but a shed formed by blocks of 
rock which had falhm against and mutually suppoitied each 
other, and which preserved the mountain cowhcids and also 
ourselves during a fearful hailstorm. The Cueva lies somewhat 
to the north of the Volcan de la flacienda. In the two 
narrow dykes, which have the appearance of cooled lava- 
streams, the tables and blocks apjiear in part inflated like 
cinders or even sp(>ngy;it the edges, and in pait weathered 
and mixed with earthy detritus. 

Analogous but more complicated phenomena are presented 
by another also band-like mass of rocks. On the oastejm 
declivity of the Aiitisana, probably about 1280 feet per¬ 
pendicularly below the plain of the Hacienda in the direction 
of Pinantura and Pintac, there lie two small round lakes, of 
which the more northern is called Ansango, and the southern 
Lecheyacu. The former has an insular rock, and is sur¬ 
rounded by rolled pumice-stone, a very important point. 
Each of tl)C£.e lakes marks the commencement of a valley j the 
two valleys unite, and their enlarged continuatidh bears the 
name of Volcan de Ansango, bccati-»e from the margins of 
the two lakes narrow lines of rock debris, exactly like 
the two dykes of the plateau which we have described above, 
do not, indeed, fill up the valley, but x'i&e in its midst like 
dams to a height of 213 and 26G feet. A glance at the local 
plan which I ]jublished in the “ Geograpliical and Physical 
Atlas” of my American travels (pi, 26), will illustrate these 
conditions The blocks arc again partly sharp-edged, and 
partly scorified and even burnt like coke at the edges. It is 
a basaltic, black, fundamental mass, with sparingly scattered 
»lassy felspar ; some fragments are blackish brown and of a 
dull pitch stonc-like lustre. Basaltic as the fundamental mass 
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appears, ho^yever, it is entirely destitute of tlie olivine which 
occurs so abundantly on the Rio Piaquo and near Gualla- 
bamba, where 1 saw basaltic columns of 72 feet in height 
and 3 feet thick, which contained both olivine and horn¬ 
blende scattered in them. In the dyke of Ansango nume¬ 
rous tablets, chift by weathering, indicate porphyritic slates. 
All the blocks have a yellowish gray crust from weathering. 
As the detritus-ridge (called los derruinbamientos, la reven- 
tazon, hy the natives, who speak Spanish), may be traced 
from the Rio del Molina, not far from the farm of Pintac,. 
up to the small erater-Likes surrounded by pumice-stone 
(chasms filled with water), the opinion lias grown up natu¬ 
rally, and, as it were, of itself, that the hdees are the openings^ 
from which the blocks of stone came to the surface. A few 
years hcfoi^e iny visiting the district, the ridge of fragments- 
was in motion for weeks upoii the inclined surface, without 
any perceptible previous earthqnaki'i, and some houses near 
Pintac were destroyed by the pressure and shock of the 
blocks of stone, Tlic detritus-ridge of Ansango is still with¬ 
out any trace of vegetation, which is found, although very 
sparingly, u])oii the two more weathered and certainly older 
eruptions of the plateau of Antisana. 

How is this mode of mtuiifestfitlon of volcanic activity, 
the action of which I am describing, to be denominated?"* 
Have we here to do with lava-streams ? or only with semi- 
scorified and ignited masses, which are thrown out uncon¬ 
nected, hut in chains ])ressed closely upon each other (as on 
Cotapaxi in very recent times)? Have the dykes of Yana 
Volcan and Ansango been ppidiaps merely solid fragmentary 
masses, which burst forth without any ficsh elevation of 
temperature from the interior of a volcanic conical mountain, 
in which they lay loosely accumulated and thei-eforC badly 
supported, their movement hciiig caused hy th(3 concussion 
of an earthquake, impelled by shocks or falls and giving rise 
to small local earthquakes ? Is no one of the three manifes- 

^ 24 t< There are few volcanoes in the chain of the Andes,” says Leopold 
von Buch, “which have presented strcania of lava, and none have 
ever been seen around the volcanoes of Quito. Antisana, upon the 
eastern chain of the Andes, is the only volcano of Quito upon which 
M. de Humboldt saw, near the summit, something analogous to a 
stream of lava; this stream was exactly like obsidian" (Dencr. de% Ile9 
Canaries^ 1836, pp. 468 and 488). 
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tations of volcanic activity here indicated, different as they 
are, applicable in this case ? and have the linear accumula¬ 
tions of rock-detritus been uphcaved upon fissures in the 
spots where they now lie (at the foot and in the vicinity of 
a volcano)? The two dykes of fragments, in this so slightly 
inclined plateau, called Volcan de la Hacienda and xana 
Volcan, which I once considered, although only conjccturaUy, 
as cooled lava-streams, now appear to mo, as far as I can 
remember, to present but little in support of the latter opi¬ 
nion. In the VolcaTi de Ansango, where the line of frag¬ 
ments may be traced without interruption, like a river-bed, 
to the pumice margins of two small lakes, the full, or differ¬ 
ence of level between Pinantura 1482 toises (9176 feet), and 
Lecheyacu 1900 toises (12,150 feet), in a distance of about 
7700 toises (49,239 feet), by no means contradicts what we 
now believe we know of the small average angles of inclina¬ 
tion of lava-streams. From the difference of level of 418 
toises (2674 feet), there is an inclination of 3° 6'. A partial 
elevation of the soil in the middle of the floor of the valley 
would not appear to be any hindrance, because the back 
swell of fluid masses impelled up valleys has been ob¬ 
served elsewhere, for example, in the eruption of Scaptar 
JSkul in Iceland, in 1783 (Naumann, Gcognosie, Bd. i, 
s, 160). 

The word lava indicates no peculiar minertd composition 
of ,the rock j and when Leopold von Buch says that every¬ 
thing is lava that flows in the volcano and attains new posi¬ 
tions by its fluidity, I add that that which has uot again be¬ 
come fluid, but is contained yi the interior of a volcanic 
cone, may change its position. Even in the first description®* 
of my attem])t to ascend the summit of Chimborazo (only 
published in 1837, in Schumacher’s AslronomiscTie Jahr~ 
huch), I expressed this opinion in speaking of the remarkable 
“fragments of augitic porphyry which I collected on the 
23rd Juno, 1802, in loose pieces of from twelve to fourteen 
inches in diameter, upon the narrow ridge of rock leadin'^ 
to the summit at an elevation of 19,000 feet. They 
had small, shining cells, and were porous and of a red 
colour. The blackest of them are sometimes light like 
pumice-stone, and as though freshly altered by fire. They 

“ Humboldt, Kleinere Schriften, Bd. i, s. 161. 
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have not, however, flowed out in streams like lava, but have 
probably been expelled at fissures on the declivity of the 
previously upheaved, bell-shaped mountain.” This genetic 
explanation might find abundant support in the assumptions 
of Boussingault, who regards the volcanic cones themselves 
as an accumulation of angular trachytic fragments, upheaved 
in a solid condition, and licaj^ed up without any order. As 
after the ui)hoaval the broken rocky masses occu})y a greater 
space than before they were shattered, great cavities remain 
amongst them, movement being produced by pi’essure and 
shock (the action of the vulcanic vapour-force being ab¬ 
stracted).” I am far from doubting the partial occurrence of 
such fragments and cavities, which become filled with water 
in the Nevados, although the beautiful, regular, and, for the 
most part, perfectly perpendicular trachytic columns of the 
Pico do los Ladrillos, and Tahlalmma on Pichincha, and, 
above all, over the small basin Yana-Coeba on Chimborazo, 
appear to mo to have been formed on the spot. My old 
and valued friend, Boussingault, whose chemico-geognostic 
and meteorological opinions T am always ready to adopt, 
regards what is called the Yolcan de Ansango, and what 
now appears to me as an eruption of fragments from two 
small lateral craters (on the western Autisana, below Chus- 
sulongo) as upheavals of blocks*® upon long fissures. As 

“We differ entirely with regard to the pretended stream of 
Antisana towards Pinantura. 1 regard this stream (fioWe'f) aa a recent 
upheaval analogous to those of Cal pi (Vana Urcu), Pistpie, and Jorullo. 
The trachytic fragments have acquired a greater thickness towards the 
middle of the stream. Their stratum is thicker towards Pinantura 
than at points nearer Antisana. The fragmentary condition is an 
efiect of local upheaval, and in the Cordillera of the Andes earth- 
q.uakes may often be produued by heaping up (letter from M. Bous- 
singault, ^ted August^ 1834), See page 270. In the description 
of his ascent of Chimborazo (December, 1831), Boussingault says : 
— ‘^The mass of the mountain cousiats, in my opinion, of a 
heap of trachytic ruins piled up on each other without any order. 
Those trachytic fi-agments of a volcano, which are often of enoitnous 
size,, are upheaved in the solid state; their edges arc sharp, aftdnothing 
indicates that they had been in a fused or even a softened condition. 
Nowhere, on any of the equatorial volcanoes, do we observe anything 
that would allow us to infer a lava-stream. Nothing has ever been 
: thrown out from those craters except masses of mud, elastic fluids ja,nd 
Ignited, more or less scorifieti trachytic blocks, which have frequently 
been scattered to considerable distances” (Humboldt, Kiein^e Schriften, 
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he has acutely investigated this region 30 years after myself, 
he insists upon the analogy which appears to him to be 
presented by the gcoguostic relations of the erujjtion of 
Aneaugo to Antisana, and those of Yana Urcu (of which 
I made a particular plan) to Chimborazo. I was the less 
inclined to believe in a direct upheaval upon fiKSUi'e»s through¬ 
out the entire linear extent of the tract of fx*agiaents at 
Ansaiigo, because this, as I have already repeatedly mentioned, 
leads at its upper cxti'cmity, to the two chasms now filled 
with water, Noii-fragmentary, walHike upheavals of great 
length and uniform dii'cetion, are howevt^r not unknown to 
me, as I have seen and described tlu^m in our hemisphere, 
in Chinese Mongolia, in granite hanks with a floetz-like 
bedding^^ 

Antisana had an eruption in the year 1580, and 
another in the beginning of the last century, probably in 
1728. Near tlie summit, on the north-north-cast side, we 
observe a black mass of rock, upon wl)ich even freshly 
fallen snow does not adhere. At this point, ri black column 
of smoke was seen ascending for several days in the spring 
of 1801, at a time when the summit was on all sides per¬ 
fectly free from clouds. On the Kith March, 1802, Bon- 
pland, Carlos Montufaj*, and myself I'eachcd a ridge of 
rock, covered with ])umicc-stonc, and black, basaltic scorise 
in the region of perpetual i^now, at an elevation of 2837 
toises (18,142 feet), and consequently 2358 feet higher than 
Montblanc. The snow was iii*m enough to hear us on 

Bd. i, 8. 200). With regard to the first origin of the C!|>inion of the 
upheaval of solid masses in the form of heapefl-n[> blocks, see Acosta, 
in the Viajes d los Andes Lcuatoriafes par M, Bomsivf/auU, 1849, 
pp. 222—223. The movement of the heape<l-up fragments, induced by 
earth-shocks and other causes, and the gradual filling up of the inter¬ 
stices, may, according to tlie assumptions of the celebrated ti’aveller, 
produce a gradinal sinking of volcanic mountain peaks 

^ Humboldt, Asie VeiUra/e, t, ii, pp. 296—301 (Gustav Hose, mineraU 
ffeognostische Rehe nax^h dem Uval^ detn AHaiund dent Kasp, Meere, 

i, s. 699), Narrow, much elongated granitic walls may have rieon, 
during the earliest foldings of the earth’s crust, over fissures analo¬ 
gous to the remarkable, still open ones, which are found at the foot of 
the volcano of Pichincha: as the Guaycos of the city of Quito, of 30— 
40 feet in width (see my Kleinert ^chrifteiiy Bd, i, s. 24). 

^ La Gondamine, Meaure des trois premiers Degr6s rfw Meridian dans 
VlUmisphlre Anstraly 1751, p. 56. 
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many points near the ridge of rock, which is so rare under 
the tropics (temperature of the atmosphere, 28'^‘8—34°’5). 
On the southern'declivity, which we did not ascend, at the 
Piedro de Azufre, whci'e scales of rock sometimes separate 
of themselves by weathering, masses of pure sulphur of 
10—12 feet in length, and 2 feet in thickness, are found; 
sulphurous springs are wanting in the vicinity. 

Although in the eastern Cordillera the volcano of Anti- 
Sana, and especially its western declivity (fi’om Ansango 
and Pinantura, towards the village of Pedregal) is sepa¬ 
rated from Cotopaxi by the extinct volcano of Passuchoa*® 
with its widely distinguishable crater (la Peila), by the 
Nevado Sinchulahua and hy the lower liumihaui, there is 
still a certain resemblance between the rocks of the two 
giants. From Quinche onwards the whole eastern chain 
of the Andes has produced obsidian, and yet el Quinche, 
Antisana, and Passuchoa belong to the basin in which the 
city of Quito is situated ; whilst Cotopaxi bounds another 
basin, that of Lactaeuuga, Hambato and Kiobamba. The 
small knot of mountains of tlie Altos of Chisiuclio sepa¬ 
rates the two basins like a dam ; and what is remarkable 

Pasauclut.'i, soparabed by the farm el Tambillo fmm the Atacazo, 
does not au}’’ trK^re than tlio J.itter attain the region of perpetual enow. 
The elevated margin of the crater, la Peila, has fallen in towards the 
west, bat projects, towards the east like an amphitheatre. The tradi¬ 
tion runs that at the end of the sixteenth centtjiy, the Passuchoa, 
which had j)revioualy been active, ceased its manifestations of activity 
on theocca8i<m of an eruption of Piohincha, which proves the communi¬ 
cation between the vents of tlie opposite eastern and western Cordilleras. 
The true basin of Quito, closed like a dam,—on the north by a moun¬ 
tain group between Cotocachi and Imbaburo, and on the south, 
by the Altos de Chisinoho (between 0° 20' N. and 0® 41^ S.), is for the 
most part divided longitudumlly by the mountain ridges of Ichimbio 
and Poingasi. To the eastward lio„ the valley of Puembo and Chillo ; 
to the westward the plain of Imupiito and Turubamba. In the eastern 
Cordillera follow from north to south,—Imbaburo, tho Faldas de 
Quamani, and Antisana, Sinchulahua, and the perpendicular, black 
wall, crowned with turret-like points, of Kumihaui (Stone-eye); in the 
western Cordillera, Cotocachi, Casitagua, Pichincha, Atacazo, and 
Corazon, upon the slopes of which blooms the splendid Alpine plant, 
the red JlanuncuIibS Gasmayii. This haa appeared to me to be tho place 
to give, in brief terms, a morphological representation, drawn from iny 
own experience, of the form of a spot which is so important and 
classical in respect to volcanic geology. 

VOL. V. ? 
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enough, considering its smallness, the waters of the nor¬ 
thern slope of Chisinchc pass by the Rios (3e San Pedro, 
de Pito, and de Guallabainba into the Pacific, whilst those 
of the southern declivity How through the Rio Alaques and 
the Rio de San Fe]i])e into the Amazons and Atlantic 
Ocean, The union of the Cordilleras by mountain knots 
and dykes (sometimes low, like the Altos just mentioned ; 
sometimes equal to Mont Blanc in height, as on the road 
over the Paso del Assuay) appears to be a more recent 
and also a less important phenomenon tUaii the upheaval 
of the divided parallel mountain chain itself. As Cotopaxi, 
the greatest of the volcanoes of Quito, ])resent8 much 
analogy in its trachytic rock with the Autisana, so also 
we again meet with the rows of blocks (lines of fragments) 
which have already occupied us so long, even in greater 
number ujion the slopes of Cotopaxi. 

It was especially our business when travelling to trace 
these rows to their origin, or rather to the point where they 
are concealed beneath the perpetual covering of snow. We 
ascended upon tlic south-western declivity of the volcano 
from Mulalo (Mulahalo), along tlie Rio Alaques, which is 
formed of the Rio do los Banos and the Bio Barrancas, up to 
Pansachc (12,000 feet), where we inhabited the spacious 
Oasa del Paramo in the grassy plain (cl Pajonal). Although 
up to this time much snow had fallen at night, we never¬ 
theless got to the eastward of the celebi'ated Cabeza del 
Inga, first into the Quebrada and Reventazon de las Minas, 
and afterwards still further to the east over^the Alto de 
Suniguaicu to the chasm of the Inon Mountain (Puma- 
XJrcu), where the barometer only showed an elevation of 
2263 toises, or 14,471 feet. Another line of fragments 
which, however, we only saw from a distance, has moved 
from the eastern part of the snow-clad ash-cone towards the 
Rio Negro (an affluent of the Amazon) and Valle vicioso. It 
is uncertain whether these blocks were all thrown out of the 
crater at the sun)mit to a great height in the air, as glow¬ 
ing, scoriaceous masses fused only at the edges (some angular, 
some rounded, of 6 or 8 feet in diameter, rarely conchoidal 
like those of Antisana), falling on the declivity of Cptopaxi 
and, hastened in their movement by the rush of the melted 
snow water ; or whether, without passing through the air 
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they were forced out through lateral fissures of the volcano, 
as the word revenfazon would indicate. Soon returning 
from Suniguaicu nnd the Quebrada del Mestizo, we examined 
the long and broad ridge which, striking from N.W. to S.E., 
unites Cotopaxi with the Nevado de Quelendafia. Here the 
blocks airaiiged in rows are wanting, and the whole appeal’s to 
be a dam-like upheaval, upon tlie ridge of whicli are situated 
the small conical mountain el Moiro and, nearer to the horse¬ 
shoe shaped Quelendafia, scA'eral marshos and two small 
lakes fLagunas de Y"auricocha and de Verdecocha). The 
rock of el Morro and of the entire linear volcanic upheaval 
was greenish-gi’ay porjihyritic slate, separated into layers of 
eight inches thick, wliich dipped Aery regulaiiy towards the 
east at GO'^. Now'here was there any tiace of true lava- 
stream 

It is particularly rcmaikable that the vast volcano of Coto¬ 
paxi, which inanifcstB nn eiiormoub activity, although, indeed, usually 
only after long periods, and acta destructively upon the neighbour¬ 
hood, eapecially by the laimditions which it produces, exhibits no 
visible vapouis between ita pciiodical eruptions, when seen either in the 
plateau of Lact.iciinga, or from the PaiMm** de Pansache From several 
compaiisons with othei colos'^al volcuiocs, such a phenomenon is 
ceitainly not to be explained fmai its height of 19,180 feet, and tho 
great tenuity of tho strata of air and vapour corro8j>onding with this 
elevation. No other Nevado of the eipiatorial Cordilleras shows 
itself so often free fiotn clouds and in such great beauty as the trun¬ 
cated cone of Cotopaxi, that is to say tho portion which rises above 
the limit of perpetual snow. The uninteiiupted regularity of this 
ash-cone is much greater than that of tho ash-cone of the Peak of 
Tenex'iffo, on w'hich a narrow projecting rib of obsidian runs down 
like a wall. Only the upper pait of the' Tiinguiahua is said for¬ 
merly to have been distinguished in an almost equal degree by the 
regularity of its form, but the teirible eaithquake of the 4th Feb¬ 
ruary, 1797, called the Catastrophe of lUohamha, has deformed the 
mountain cone of Tungurahua by fissures and tho falling in of parts 
and the descent of loosened wooded fiagincnts, as also by the accu¬ 
mulation of debris. At Cotopaxi, as even Bouguer observed, the 
enow is mixed in paiticular spots with crumbs of pumice-stone, 
when it forms a nearly solid mass. A slight inequality in the 
mantle of snow is visible towards the north-west, w here two fissure- 
like valleys run down. Black rocky ridges ascending to the summit 
are seen nowhere fiom afar, although in the eruptions of the 24th 
Juno and 9th December, 1742, a lateral opening showed itself halfway 
up tho snow-covcred ash-cone. There opened,” says Bouguer 
dt lot, p. Ixviii; see also-La Condamine, du Voyage d 

VEqviCUeWyp. 169), ‘‘a new mouth towards the middle of the part 
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In the island of Lipari, ■which abounds in pumice- 
stone, a lava-stream of pumice-stone and obsidian runs 

constantly covered with enow, whilst the flame always issued at the 
toj) of the truncated cone.*' Quite at the top, close to the summit, some 
horizontal, black streaks, parallel to each other, but interrupted, are 
detected. When examined with the telescope under various illumi¬ 
nations they appeared to me to be rocky ridges. The whole of this 
upper part is steeper, and almost close to the truncation of the cone 
forms a wall-like ring of unequal height, which, however, is not 
visible at a great distance with the naked eye. My description of this 
nearly perpendicular uppermost circumvallatiou, has ah’eady attracted 
the particular attention of two distinguished geologists,—Darwin ( Vol¬ 
canic hlandn, 1844, p. 83), and Dana {Geology of the U.S. Ej^lor, Exped,, 
1849, p. 85fl). The volcanoes of the Galapagos lalaiuls, Diana's Peak 
in St. Helena, TencrifFe, and Cotopaxi, present analogous formations. 
The highest point which X determined by angles of altitude in the 
trigonometiical measurement of Cotopaxi, was situated in a black 
convexity. It is, perhaps, the inner wall of the higher and more 
distant margin of the crater; or is the freedom from snow of the pro¬ 
truding rock caused at once by steepness and the heat of the crater ? 
In the autumn of the year 1800, the whole upper part of the ash- 
cone was seen to bo luminous, although no eruption, or even emission 
of visible vapours followed. On the other hand, in the violent erup- 
'tion of Cotopaxi on the 4th January, 1803, when during my residence 
on the Pacific coast the thundering noise of the volcano shook the 
windows in the harbour of Guayacpiil (at a distance of 148 gcog: 
miles), the ash-cone had entirely lost its snow, and presented a 
most threatening appearance. Was such a heating ever observed 
before? Even very recently, as we learn from that admirable, and 
courageous female traveller, Ida Pfeiffer (Meine zweite WeltreUe, Bd. iii^ 
8. 170), the Cotopaxi had, in the beginning of April, 1854, a violent 
eruption of thick columns of smoke, “ through which the fire wound 
itself like flashing flames.** May this luminous phenomenon have 
been a consequence of the volcanic lightning excited by vaporization? 
The eruptions have been freejuent since 1851. ^ 

The great regularity of the snow-covered, truncated cone itself, 
renders it the more remarkable that to the south-west of the summit 
there is, a small, grotesquely-notched, rocky mass with three or four 
points at the lower limit of the region of perpetual snow, whero 
the conical form commences. The snow remains upon it only in 
small patches, probably on account of its steepness. A glance at my 
representation {Atlas Pittoresque d% Voyage^ pi. 10), shows its relation 
to the ash-cone most distinctly. I approached nearest to this blackisb- 
gray, probably basaltic rocky mass, in the Quebrada and Reventazon 
de Minas. Although this widely visible hill, of very strange appear¬ 
ance, has been generally known for centuries in the whole province 
as the Cabeza del Inga, two very different hypotheses, nevertheless, 
prevail with regard to its origin amongst the coloured aborigines 
ilndioi ),—according to the one, it is merely asserted, that the rock 
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clovra to the north of Caneto, from tho vrell-preserved, 
extinct crater of the Monte di Campo Bianco towards the 
sea, in which the fibres of the former substance run, singu¬ 
larly enough, parallel to the direction of the streamThe 

is the fallen summit of the volcano, which formerly ended in a point, 
without any statement of the date at which the occurrence took 
place; according to the second hypothesis, this is placed in the year 
(1533) in which the In<*a Atahuallpa was strangled in Caxamarca, 
and thus connected with the terrible fiery eruption of Cotopaxi, 
described by Herrera, which took place in the same year, and also 
with the obscure prophecy of Atahuallpa's father, Huayna Capac, 
regarding * the approaching fall of the Peruvian Empire. Is that 
which is common to both hypotheses,—namely, tlie oiiinion that this 
fragment of rock formerly constituted the apex of the cone,— tho tra- 
, ditional echo, or obscure remembrance of an actuaf occurrence ? The 
aborigines, it may be said, in their uncultivated state, would probably 
notice facta and preserve them in remembrance, but would be unable 
-to rise to geognoatic combinations. I doubt the correctness of this 
■objection. The idea that a truncated cone, in losing its apex,” may 
have thrown it off unbroken, OvS large blocks were thrown out during 
Bubsequent eruptions, may present itself oven to very uncultivated 
minds. The terraced pyramid of Cholula, a woik of the Tolteks, is 
truncated. The natives could not suppose tliat the pyramid was not 
originally completed. They therefore invented the fable that an 
aerolite, falling from heaven, dostro 3 ^ed the apex ; nay, portions of the 
aerolite were shown to the Spanish conquerors. Moreover, how can we 
place tho first eruption of the volcano of Cotopaxi at a period when 
the ash-cono (the I'esnlt of a series of eruptions) was already in exist¬ 
ence ^ It seems probable to me, that that the Cabeza del Inga, was pro¬ 
duced at the spot which it now occupies; that it was upheaved there, 
like the Yana-Uren at the foot of Chimborazo, and like the Morro on 
(Cotopaxi itself, to the south of Suniguaica, and to the north-west of 
the small lake Yuvak-cocha (in the Qquechhua language, the White 
Lake). 

With regard to the name of the Cotopaxi, I have stated in the 
first volume of my Klcincre i^chriftev, (s. 463,) that only the first part 
of it could be explained from the Qquechhua language, being the word 
^ottOf heap or mass, but that pacsi was unknown. La Condamine 
(p. 63) explains the whole name of the mountain, saying “ m the lan¬ 
guage of the Incas, the name signifies shining mass." Buschmann, 
however, remarks that, in this case, pacal is replaced by the word 
pacaa, which is certainly quite ditferent from it, and which signifies 
, luatre, brilliancy, especially the mild lustre of the moon ; to express 

ahming maas^* moreover, in accordance with the spirit of the 
Qquechhua language, the position of the two words would have to be 

reversed,— 

Friedrich Hoffmann, in PoggendorflTB Annalen, Bd. xxvi, 1332> 
' fi. 48. 
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ex.teuded pumice quarries, foui* miles and a half from Lac- 
tacunga, present, according to my investigation of the local 
conditions,an analogy with this occuih'ence on Lipari. These’ 
quarries, in which the pumice-stone, divided into horizontal 
beds, has exactly the appearance of a rode in position, ex¬ 
cited even the astonishment of Bougucr in 1737^*. vol¬ 

canic mountains,” he says, ^^we only find simple fragments 
of pumice-stone of a certain size ; but at seven leagues to 
the south of Cotopaxi; in a point which corresponds with 
our tenth triangle, pumice-stone forms entire rocks, ranged in 
parallel banks of 5 to G feet in thickness in a space*of more 
than a square league. Its depth is not known. Imagine 
what a heat it must have required to fuse this cixonnons 
mass, and in the vciy spot where it now occurs ; for it is 
easily seen tl)at it has not been deranged, and that it has 
cooled in the place when; it was liquefied. The inhabitants 
of the neighbourhood have j)rofitod by tliis immense quarry, 
for the small town of Lactacunga, with some very pretty 
buildings, has been entirely constructed of pumice-stone, since 
the earthquake which overturned it in 1698.” 

The pumice quarries are situated near the Indian vil¬ 
lage of San Felipe, in the hills of Gua[)nlo and Zumbalica, 
which are elevated 512 feet above the jfiateau and 9990 feet 
above the sea level. The uppermost layers of pumice-stone 
are, therefore, five or six hundred fe(5t below tlio level of 
Mulalo, the once beautiful villa of the Marquis of Maenza 
(at the foot of Cotopaxi), also constructed of blocks of 
pumice-stone, but now completely destroyed by frequent 
earthquakes. The subterranean quarries are unequal 
distances from the two active volcanoes, Tungurahua and, 

^ Bouguer, Figure de la Terre, p. Ixviii. How often, since the Ccarth- 
quake of the 19th July, 1698, hits the little town of Lactacunga been 
destroyed *aud rebuilt with blocks of pumice-stone from the subterra¬ 
nean quarries of Zumbalica! According to historical documents com¬ 
municated to me during my sojourn in the country, from copies of the 
old ones which have been destroyed, and from more recent original 
documents partially preserved in the archives of the town, the destruc¬ 
tions occuiTed in the years 1703 and 1736, on the 9th December, . 
1742, 30th November, 1744, 22nd February, 1757, 10th February, i 
1766, and 4th April, 1768,—therefore seven times in 66 years! In 
the year 1802 I found four-fifths of the town still in ruins in conse¬ 
quence of the great earthquake of Riobamba on the 4th Februaiy, 
1797. 
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Cotopaxi; 32 miles from tlie former, and about balf that dis¬ 
tance from the latter. They are reached by a {rullery. The 
workmen assert that from the horizontal solid layers, of 
which a few are surrounded by loamy pumice fragments, 
quadrangular blocks of 20 feet, divided by no transverse fis¬ 
sures, might b(‘ procured. The pumice-stone, which is partly 
white and partly bluish gray, consists of very fine and long 
fibres, with a silky lustre. The parallel fibres liave some¬ 
times a knotted appearance, and then exhibit a singular 
structure. The knots are*formed by roundish particles of 
finely porous pumice-stone, from 1—line in breadth, 
around which long fibres curve so as to inclo'^e them. 
Brownish black mica in small six-sided taldes, white 
crystals of oligoelase, and black hornblende are sparingly 
scattered in it ; on the other hand, the glassy felspar, which 
elsewhere ((^amaldoli, near Naples) occurs in pumice-stone, 
is entirely wanting. The pumice-stone of Cotopaxi is very 
different from that of the quarries of Zuntbalica^^; its fibres 
are short, not parallel, but curved in a confused man¬ 
ner. Magncsia-mica, however, is not peculiar to pumice- 
stone, for it is also found in the fundamental mass of the 
trachyte^* of Cotopaxi. At the move hoxvih tu v^olcano, 
Tungurahua, })um ice-stone appears to be entirely wanting. 
There is no trace of o]>sidian in the vicinity of the quar- 

^ This difTeiencc luis also been leeognizcd by the acute Abicb, 
{Uebrr Natitr und Zmammenfunuj 'kulLanhchtt* Bihlnufjeu^ 1841, 
s. 83). 

34 The rock of Cotr»paxi lias essentially the same miiieralogii'al com¬ 
position, aa that of tbeneniest volc.inoes, Antifcana and Tungurahua. 
It is a trachyte, composed of oligoclaso and augite, and consequently 
a Chimborazo-rock ■ a pi oof of the identity of the same kind t»f volcanic 
mountain in masses in the opposite CVndillcias, In tlio specimens col¬ 
lected by mo in 1802, and by Boussingault in 1831, the fundamental 
mass is partly light or greenish gi*ay, with a pitchatonc-like lustre and 
translucent at the edges; partly black, neaily leaembling iJasalt with 
large and small poies, which possess shining walls. The inclosed oligo- 
clase is distinctly limited; sometimes in veiy brilliant crystals, very dis¬ 
tinctly striated on the cleavage planes; sometimes in small fragments 
and dilBcult of detection. The iiiteimixed aogitca are brownish and 
blackish green and of very vaiiable size. Daik lamimc of mica and 
black metallic grains of magnetic iion are raiely and probably quite 
accidentally sprinkled through the muss. In the pores of a mass con¬ 
taining much oligoelase, there was some native sulphur, probably 
deposited by the all-penetrating sulphurous vapours. 
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ries of Zumhalica, but I have found black obsidian with a 
conchoidal fracture in very large masses, immersed in bluish 
gray weathered perlite, amongst the blocks thrown out 
from Cotopaxi and lying near Mulalo. Of this, fragments 
are preserved in the Royal Collection of Minerals at Berlin. 
The pumice-stone quarries hero described, at a distance of 
sixteen miles from the foot of Cotopaxi, appear therefore, 
to judge from their inineralogical nature, to be quite fo¬ 
reign to that mountain, and oply to stand in the same 
relation to it, which all the volcanoes of Pasto and Quito, 
occupying many thousand square miles, present to the vol¬ 
canic focus of the equatorial Cordilleras. Have these 
pumice-stones been tlie centre and interior of a proper 
crater of elevation, tlie external wall of which has been 
destroyed in the numerous convulsions which the surface 
of the earth has licro undergone ? or have they been depo¬ 
sited liere upon fissures in a[)pareat rest, during the most 
ancient foldings of the earth’s crust ? For the assump¬ 
tion of aqueous sedimentary alluvia, such as are often exhi¬ 
bited in volcanic tufaceous masses mixed with remains of 
plants and shells, is attended with still greater difficul- ’ 
ties. 

The same questions are suggested by the great mass of 
pumice-stone, at a distance from all intximescent volcanic 
platforms, which I found on the Rio Mayo in the Cordil¬ 
lera of Pa.sto, between Mamendoy and the Cerro del Pul- 
pito, 36 miles from the active volcano of Pasto. Leopold 
von Buch has also called attention to a similar perfectly 
isolated eruption of pumice-stone described by M^en, which, 
consisting of boulders, forms a hill of 320 fi^et in height, 
near the village of Tollo, to the east of Valparaiso, in Chili, 
The volcano Maypo, which upheaves Jurassic strata in its 
rise, is two full days’ journey from this eruption of pumice-' 
stone The Prussian Ambassador in Washington, Fried¬ 
rich von Gerolt, to whom we are indebted for the first 

3® “The volcauo of Maypo (S. lat. 34° 15') which has never ejected' 
pumice-stone, is at a distance of two days' journey from the ridge of 
Tollo, which is 320 feet in height and entirely composed of pumice-< 
stone, inclosing vitreous felspar, brown crystals of mica, and smalj, 
fragments of obsidian. It is, therefore, an (independent) isolated erup^' 
tion, quite at the foot of the Andes and close to the plain.” Leop, 
Buch, Desc. Phys. des lies Canaries, 1836, p. 470. '.: 
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coloured geognostic map of Mexico, also mentions “a subter¬ 
ranean quarry of pumice-stone at Bauteu,” near Huicliapa, 
32 miles to the south-east of Queretaro, at a distance from 
all volcanoes®®. The geological explorer of the Caucasus, 
Abich, is inclined to believe from his own observations, 
that the vast eruption of pumice-stone near the village 
Tschegem, in the little Kabarda, on the northern declivity of 
the central chain of the Elburuz, is, as an effect of fissure, 
much older than the elevation of the very distant conical 
mountain just menioned. 

If, therefore, the volcanic activity of the earth, by radia¬ 
tion of heat into space during the diminution of its original 
temperature, and in the contraction of the superior cooling 
strata, produces fissures and wrinkles {fractures et rides)^ 
and therefore simultaneous sinking of the upper and up¬ 
heaval of the lower partswe must naturally regard, as 
the measure and evidence of this activity in the various 
regions of the earth, the number of recognizable volcanic 
platforms (open, conical, and dome-shaped mountains) up- 
heaved upon fissures. This enumeration has been repeat¬ 
edly and often very imperfectly attempted: eruptive bills 

^ Federico do Gerolt, Vartan Geoynobiican de los Pruictpaha Distritos 
Mineralea de Mejri( Oj 1827, jx 5. 

^ On the solidificatiou and formation of the crusts of the earth, see 
Cosmos, vol, i, pp. J64—166. The exi)erraeiit& of Bibchof, Charles 
Deville, and Delesse have thrown a new light upon the folding of the 
body of the earth. See also the older, ingenious consideiations of 
Babbage, on the occafaion of his thermic explanation of the problem^ 
presented by the temple of Ser.ipis to the north of Puzziioli, in the 
Quarterly/ Journal of the Geological t>ocHty of London, vol. lii, 1847, 
p. 186; Charles Deville, t^ur la Bhmnitiion de Iknaiie dans lea Roches 
en passant de V4tat criatallin d VHat viirtux, in the Comptes rendus 
de VAcad* des t. xx, 1845, p. 1453; Delesse, ISur lea Effeta de la 

Fusion, t. XXV, 1847, p. 455; Louis Fi'apolli Sur la Cararfere Geologique, 

. in the BulL de la Soc. GCoL de France, 2me s^rie, t. iv, 1847, p. 627; <uid 
above all, Flie de Beaumont, in his important work, Notice sar lea 
Syathnea de Montagnea, 1852, t. iii. The following three sections 
deserve the particular attention of geologists : Considerations sur lea 
SouUvefments dUs d une diminution lente et progressive du volmie de la 
Terre, p, 1330; Sur TEcrasement Transversal nomniA refoulement par 
Saussure, comme une dea causes dc VeUvation des Chatnes de Montagnea, 
pp. 1317, 1333, and 1346; Sur la Contraction que lea Roches fondues 
ij^oment en cristalUsant, tendant le commencement du rcjroidlsae- 
tnerti du Globe d rendre aa masse interne plus petite que la capacit4 de 
son enveloppe extfrieure, p, 1235. 
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and solfafcaras, belonging to one anti the same sy&tom, have 
been referred to as distinct volcai^oes. The magnitude 
of the space in tlie interior of continents which has 
hitherto remained closed to all scientific investigation, has 
not been so great an obstacle to the solidity of this work as 
is commonly supposed, as islands and regions near the coast 
are generally tlie principal seat of volcanoes. In a numerical 
investigation, wliich cannot be brought to a full conclusion 
in the present state of our knowledge, much is already 
gained whtui we attain to a result which is to be regarded 
as a lower limit, and when we can determine with great 
probability upon how many points the fluid interior of our 
earth has remaiiuHl in active communication with the atmo¬ 
sphere witliin tlie historical ])eriod. Sudi an activity 
usually manifests itself simultaneously in eruj^tions from 
volcanic platforms (conical mountains), in the increasing heat 
and inflammability of thermal s])rings and naphtha wells, 
and in the increased extent of circles of cuininotion, phe¬ 
nomena which all stand iu intimate connection and in mu¬ 
tual dependence^®. Here again, also, Leopold von Buch has 
the great merit of having (in tlie supplements to the Phy¬ 
sical Description of the Canary Islands) for the first time 
undertaken to bring the volcanic systtun of the whole earth, 
after the fundamental distinction of Central and Jnnear Vol¬ 
canoes, under one cosmical ])oint of view. My own more 
recent, and, probably for this reason, more complete enumera- 
*tioii, undertaken iu accordance with principles which I have 
already indicated (pp. 215 and 271) and therefore excluding 
unopened bclUshaped mountains and mere eruptive cones, 
gives, as the probable lower numerical limit {nombre limite 
inferieur), a result which differs considerably from all pre- 


3® " The hot springs of Saragyn at the height of fully fiGOO feet are re¬ 
markable for the p.ut played by tho caibonic acid gas which traverses 
them at the period of earthquakes. At this epoch, the g.is, like the car¬ 
bonated hydrogen of the peninsula of Apscheroii, increases in volume 
and becomes heated, before and during the eai thquakes in the plain of 
Ardebil. In the peninsula of Apscherpn, the temperature rises 36®, 
until spontaneous inflammation occurs at the moment when and tho 
spot where an igneoiis eruption takes place, which is always prognosti¬ 
cated by earthquakes in the i)rovinces of Chemakhi and Apscherou.'* 
Abich, in the Milanyes Physiques et Chimiques, t, ii, 1855, pp. 364—365 
(see Cosmos, vol. v, p. 175). 
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vious ones. It is an attempt to indicate the volcanoes 
'which have been active within the historical period. 

The question, has been repeatedly raised whether in those 
parts of the earth’s aurfacc, in which the greatest number 
of volcanoes are crowded together, and the reaction of the 
interior of the earth upon the hat'd (solid) ctaist manifests 
the most activity, the fused part may not lie nearer to 
the surface ? Whatever be the course adopted to determine 
the average thickness of the solid crust of tlie earth in its 
maximum : whether it be the purely mathematical one 
which is ])resented by theoretical astronomy^**, or the simpler 
couri^e, founded upon the law of the increase of heat with 
depth and the temperature of fusion of rocks'**^, still the 
solution of this problem presents .a great number of values* 
which are at j^i'esent undetermined. Amongst these we 

W. Hopkins, RenearcJics on Phyaieal Geology in the PMl, Trammet' 
for 1839, pt, ii, p. 311, for 1840, pt. i, p, 193, and for 1842, ])t. i, p. 43; 
also with regard to the necessaiy relations of stability of the external 
surface; Theory of Volcarioeit in the British Association Report for 1847, 
pp. 45—49. 

Cosmos, vol. V. pp. 35—37 ; Naumanii, Geognosie, Bd. i, pp. 66—76 ; 
Bisehof, Waryii'e/ehrCf H. 382; Lyell. Principles of Geology, 1853, pp. 536 
—547 and 562. In the very interesting and instructive work, 
venirs (Vun Naturaliste,hy A. de Quatrefages, 1851, t, ii, p. 469, the 
upper limit of the fused liquid strata, is brought uj) to the small depth 
of 20 kilometres : as most of the silicates fuse at 1231®.” “ This low 

estimate,*' as Gustav Rose observes, founded in an error. The 
temperature of 2372°, which is given by Mitscherlich as the melting 
point of granite {Cosmos, vol. i, p. 26) is ccitahily the minimum that we" 
can admit, I have repeatedly had granite phiced in the hottest parts of 
a porcelain furnace, and it was always but imperfectly fused. The 
mica alone fuses with the felspar to form a vesicular glass; the quartz 
becomes opaque, but dties not fuse. This is the case with all rocks 
which contain quartz; and this means may even be ihade use of for 
the detection of quarts in rocks, in which its quantity is ho small that 
It cannot be discovered with the naked eye,—for example in the 
syenite of Planen, and in the diovite, which we brought in 1829 from 
Alapajewsk in the Ural. All rocks which contain no quartz, or any 
other minerals so rich in silica as granite, such as basalt for example, 
ftise more readily than granite to form a perfect glass in the porcelain 
furnace; but not oyer the spirit lamp with a double current, which is 
nevertheless certainly capable of producing a temperature of 1231’.*’ 
In Bischofs remarkable experiments, on the fusion of a globule of 
basalt, even this mineral appeared, from some hypotheticjd assumptions 
to require a temperature 264° higher than the melting point of copper. 
{WUrrnelehre des Inneum unsers Erdki^rpers, s. 473). * . 
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have to mention: the influence of an enormous pressure 
upon fusibility,—the difierent conduction of heat by hetero¬ 
geneous rocks,—the remarkable enfeebling of conductibility 
with a great increase of temperature, treated of by Edward 
Forbes,—the unequal depth of the oceanic basin,—and the 
local accidents in the connection and nature of the fissures, 
which lead down to the fluid interior! If the greater vici¬ 
nity of the upper limit of the fluid interior in particular 
regions of the earth may explain the frequency of volcanoes 
and the greater multiplicity of communication between the 
depths and the atmosphere, this vicinity again may depend 
either upon the relative average differences of elevation of 
the sea-hotfcom and the continents, or u])on the unequal 
■perpendicular depth at which the surface of the molten fluid 
mass occurs, in various geographical longitudes and latitudes. 
But where docs such a surface commence ? Are there not 
intermediate degrees between perfect solidity and perfect 
mobility of the parts ?—states of transition which have 
frequently been referi'ed to in the discussions relative to 
the plasticity of some Plutonic and volcanic rocks which 
have been elevated to the surface, and also with regard to 
the movement of glaciers. Such intermediate states abstract 
themselves from mathcjnatical considerations, just as much 
as the condition of the so-called fluid iuterior under an 
enormous j)ressure. If it be not even very probable that 
the temperature everywhere continues to increase with the 
depth in arithmetical progression, locu.1 intermediate dis¬ 
turbances may also occur, for example, by subterranean 
basins (cavities in the hard mass), which are from time to 
time partially-filled from below witli fluid lava and vapours 
resting upon it^\ Even the immortal author of the J^ro~ 
togcea allows these cavities to play a part in the theory of 
the diminishing central he^t:—“ Postremo credibile est con- 
trahentom se refrigeratione crustam bullas reliquisso, ingentes 
pro rei magnitudine id est sub vastis fornicibus camtatesr^'^ 

CbawMW, vol. V, p. 168. See also with regard to the unequal dis¬ 
tribution of the icy soil, aud the depth at which it commences, inde¬ 
pendently of geographical latitude, the remarkable observations of 
Captain Franklin, Erman, Kupffer, and especially of Middendorff (Wff. 
cU. mp, 8. 42, 47 and 167). 

Leibnitz in the Protogma, § 4. 
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The more improbable it is that the thickness of the crust 
already solidified is the same in all regions, the' more impor¬ 
tant is the consideration of the number and geographical 
position of the volcanoes which have been open in his¬ 
torical periods. Such an examination of the geography of 
volcanoes can only be perfected by frequently renewed 
attempts. 

I. Europe. 

Etna, 

Volcano in the Liparis, 

Stromboli, 

Ischia, 

Vesuvius, 

Sanlorin, 

' Lemnos, 

All belong to the gi-eat basin of the Mediterranean, but 
to its Eviropean and not to its African shores; and all these 
seven volcanoes are still or have been active in known histo¬ 
rical periods ; the burning mountain Mosychlos in Lemnos, 
which Homer names the favourite seat of Hephae.st 08 wa,s 
only destroyed and sunk beneath the waves of the sea by 
earthquakes, together with the island of Chryse, after the time 
of the great Macedonian {Oosnws, vol. i, p. 246 j Ukert, Geoqr. 
der Oriechen und Earner, Th. ii, Abth. 1, s. 198). The 
great upheaval of the three Kaimenes in the middle of 
the Gulf of Santorin (partly inclosed by Thera, Therasia, 
and Aspronisi) which has been repeated sevei-al times within 
about 1900 yeara(from 186 b.c. to 1712 of ourepoch) had in 
their production and disappearance a remarkable similarity 
with the relatively unimi)ortant phenomenon of the tem¬ 
porary formation of the islands which were called Graham, 
Julia, and' Ferdinandea, between Sciacca and Pantellaria. 
Upon the peninsula of Methana, which has already been 
frequently mentioned {Cosmos, vol. i, p. 239 j vol. v, p. 229), 
there are distinct traces of volcanic eruptions in the red<lish 
brown trachyte which rises from the limestone near Kai'- 
menochari and Kaimeno (Curtins, Pelop. Bd.ii. s. 439). 

Of prehistoric volcanoes with fresh traces of the emission 
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of lava from craters there are, counting from north to south, 
those of the Eifel (^JMosenherg^ Geroldstein) furthest to the 
north; the great crater of elevation in which Schemnitz is 
situated; Auvergne {Ghaine des Puys or of the Monts 
Domes, le Cone du Cantal, les Monls-Dore^ ; Vivarais, in- 
.which the ancient lavas have broken out from gneiss {Coupe 
d^yAsac, and the cone of MontpezaC) \ Velay : eruptions of 
scoriae from which no lavas issue; the Eugancan hills; the 
Alban mountains, llocca Monfina and Vultur, near Teaiio and 
Melfi ; the extinct volcanoes about Olot and Castell Follit 
in Catalonia the island group, las Columbretes, near the 
coast of Valencia (the sicklc-shoped larger island Colum- 
braria of the Romans, upon which Montcolibre, latitude 
39^54' according to Captain Smyth, is full of obsidian and 
cellular trachyte); the Greek island Nisyros, one of the 
Car[)athian Spoi*ades, of a perfectly round form, in the 
middle of which, at an elevation of 2270 feet according to 
Eoss, tJierc is a deep, walled cauldron with a strongly deto¬ 
nating solfatara, from which at one time radiating lava- 
streams poured themselves into the sea, where they now 
form small promontories, and furnished volcanic millstones 
in Strabo’s time (Ross, Reisen auf den yriechischen Inselfi, 
Bd, ii, s. 69 and 72—78). For the IBritish islands we 
have here still to mention, on account of the antiquity of 
the formatio^;^s, the remarkable effects of submarine vol¬ 
canoes upon the strata of the lower Silurian formation 
(Llandeilo strata) cellular volcanic fragments being baked 
into these strata, whilst, according to Sir Roderick Murchi¬ 
son’s important observation, even eruptive trapp^masses pene¬ 
trate into* lower Silurian strata in the Cortidon mountains 
(Shropshire and Montgomeryshire) the dyke-phenomena 
of the isle of Arran ; and the other points in which the in¬ 
terference of volcanic activity is visible, although no traces 
of true platforms are to be discovered. 

® With regard to Vivarais and Velay, see the very recent and accu¬ 
rate researches of Girard in his Geologischen Wandemngen, Bd, i,* 
(1856) B. 161, 173 and 214. The ancient volcanoes of Olot were 
discovered by the American geologist Maclure in 1808, visited by Lyell 
in 1830, and well described and figured by the latter in his Manual 
Geology 1855, pp. 535—542. , > 

^ Sir Roderick Murchison, Siluria, pp. 20^and 55—68 (Lyell, 
Manual, p. 563). ; 
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II. Islands op the Atlantic Ocean. 

« 

The volcano Esk, upon the island of Jan Mayen, ascended 
by the meritorious Scoresby and named after his ship; 
height scarcely 1600 feet. An open, not ignited summit- 
crater ; basalt, rich in pyroxene and trass. 

South-west of the Esk, near the North Cape of Egg Island, 
another volcano, which, in April 1818, presented high erup¬ 
tions of ashes every four months. 

The Beerenberg, 6874 feet in height, in the broad, north¬ 
eastern part of Jan Mayen (lat. 71'" 4') is not known to be a 
volcano.” 

Volcanoes of Iceland; Oerilfa, Hecla, Eauda-Kamba . . . 

Volcano of the island of Pico” in the Azores : a great 
eruption of lava from the 1st May to the 5th June, 1800, 

The Peak of Tenerifle. * 

Volcano of Fogo,” one. of the Ca])e de Verde Islands. 

Preliistorie volcanic activity .—This on Iceland is less defi¬ 
nitely attached to certain centres. If we divide the volcanoes 
of the island, with Sartorius von Waltershauscn, into two 
classes, of which those of the one have only had a single 
eruption, whilst those of the other repeatedly emit lava- 
streams at the same principal fissure, we must refer to the 
former, Eauda-TCamba, Scaptar, Ellidavatan, ''to the south¬ 
east of Eeykjavik .... j to the second, which exhibits a 
permanent individuality, the two highest volcanoes of Ice¬ 
land Oeriifa (more than 631)0 feet) and Snaefiall, Hecla, &c. 
Snaefiall has not been in activity within the memory of man, 
whilst Oeriifa is known by the fearful eruptions of 1362 and 

1727 (Sart. von Waltershauscn, Skizze von Island, .s, 108 

< 

^ Scoresby, o/ the Arctic Regions, vol. i, pp. 155—169, tab. 

V and vi. 

^ L^op, von Buch, Descr, des Canaries, pp. 357—369, and Land- 

grebe, Naiurgeschichie dcr- Vullcane, 1856, Bd, i, b. 121—136; and with 
regard to the circunivallations of the craters of elevation {Caldeiras) 
upon the Islands of Saint Michael, Fayal and Terceira (from the maps 
of Captain Vidal) (see page 226). The eruptions of Fayal (1672) nnd 
Saint George (16tS0 and 1808) appear to be dependent upon the prin- 
cip«d volcano, the Pico. 

■*7 See pages 248 and^262. 
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and 112). In Madeira/® the two highest mountains,"tea 
conical Pico Ruivo, 6060 feet in height, and the Pico do 
Torres, which is but little known, covered on their steep 
declivities with scoriaceous lavas, cannot be regarded as the 
central point of the former volcanic activity on the whole 
island, as in many parts of the latter, especially towards the 
coasts, eruptive-orifices and even a large crater, tha^t of the 
Lagoa, near Machico, arc met with. The lavas, thickened 
by confluence, cannot be traced far as separate streams. 
Remains of ancient Dicotyledonous and Pern-like vegeta¬ 
tion, carefully investigated by Charles Bunbury, arc found 
buried in upheaved strata of volcanic tufa and loam, some¬ 
times covered by more recent basalt. Fernando de Noronha, 
lat. y 50' S. and 2' 27' to the east of Pernambuco ; a group 
of very small islands ; phonolitic rocks containing horn¬ 
blende,—no crater, but vein-fissures filled with trachyte 
and basaltic amygdaloid, penetrating white tufa layers.*® 
The island of Ascension ; highest summit 2868 feet; basal¬ 
tic lavas with more glassy felspar than olivine sprinkled 
through them, and well bounded streams traceable up to the 
eruptive cone of trachyte. The latter rock of light colours, 
often broken up like tufa, predominates in the interior and 
south-east of the island. The masses of scorioe thrown out 
from Green Mountain, inclose immersed angular fragments®® 
containing syenite and granite, which remind one of the 
lavas of Jorullo. To the westward of Green Mountain, 
there is a large open crater. Volcanic bombs, partly hollow, 
of as much as 10 inches in diameter lie scattered about in 
innumerable quantities, together with large m^es of obsh 
dian. Saint Ilelena : the whole island volcanic, the beds ol 
lava in the interior rather felspathic; basaltic towards the 
coast, penetrated by innumerable dykes as at Flagstaff Hill. 
Between Diana Peak and Nestlodge, in the central series of 
mountains, is the curved and crescentic shaped fragments 
of a wider, destroyed crater full of scorise and cellular lava 

t 

^ Results of the observations upon Madeira by Sir Charles Lyell and 
Hartung in the Manual of Oeology 1855, pp. 515—525. 

Darwin, Volcanic Idands 1844, p. 23, and Lieutenant Lee, Cruue 
of the Brig Bolphiriy 1854, p. 80. 

fio See the admirable description of Ascension in Darwin’s Volcanic 
I%land$t pp. 40 and 41. 
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"the mere wreck®^ of one great crater is left ”). The beds of 
lava are not limited and consequently cannot be traced as true 
streams of small breadth. Tri.stan da Cimha (lat. 37° 3' S,, 
long. 11°26'W.) discovered as early as 1506 by thePoituguese; 
a small circular island of six miles in diameter, in the 
centre of which a conical mountain is situated, described by * 
Captain Denham as about 8300 feet in height and composed 
of volcanic rock (Dr. Petermann’s Qeogr. Miftheil. 1855, 
No. iii, s. 84). To the south-east, but in 53° S. latitude, 
lies the equally volcanic Thompson’s Island and between 
the two in the same direction, Gough Island, also called 
Diego Alvarez. Dece])tion Island, a slender, narrowly 
opened ring (S. lat. 62° 55'), and Bndgeman’s I.sland belong¬ 
ing to the South Shetlands group ; both volcanic, with layers 
of ice, pumicc-bt(jne, black ashes and obsidian; perpetual 
eruption of hot vapours (Kendal, Journal of the Geographical 
Society, vol. i, 1831, p. 62). In Pebruaiy, 1842, fleception 
Island was seen to produce flames simultaneously at 13 
points in the ring (Dana in United States Mxplor. lixped. 
vol. X, p. 548). It is remarkable that, as so many islands in 
the Atlantic Ocean are volcanic, neither the entire fiat islet 
of Saint Paul®* (Pefiedo de S. Pedro), one de^i'ce to the north 
of the equator ; nor the Palklands (with thin quartzose 
clay-slate5, South Georgia or Sandwich laud, api)ear to offer 
any volcanic rock. On the other hand a region of the 
Atlantic Ocean, about 0° 20' to the south of the equator, 
longitude 22° W., is regarded as the seat of a submarine 
volcano.®* In this vicinity Krusenstern saw black columns 
of smoke rise out of the sea (19th May 1806), and in 1836 
volcanic ashc.s collected at the same point (south-east from 
the above mentioned rock of Saint Paul) on two occasions, 

Darwin, pp. 84 and 92, with regard to “ the great hollow space or 
valley southward of the cential curved ridge, across which the half of 
the crater must onco have extended. It is inteiosting to trace the steps, 
by which the structure of a volcanic district becomes obscured and 
finally obliterated*' (See also Seale, Geognosy of ike Island of Saint 
jETe^ia, p. 28). 

St,'Paul’s Rocks. (See Darwin, pp. 31—33 and 125). 

Daussy on the probable existence of a submaiine volcano in the 
Atlantic, in the Comptea rendus de VAcad. des Sciences, t, vi, 1868, 
p. 612; Darwin, Volcanic Islands, p. 92 ; Lee, Cruise of the V,S. Bing 
Dolphin, pp. 2—55 and 61. 

VOL. V. ♦ 2 A 
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were exhibited to the Asiatic Society of Calcutta. According 
to very accurate investigations by Daussy, singular shocks 
and agitation of the sea, ascribed to the commotion of the 
sea-bottom by earthquakes, liave been observed in this vol¬ 
canic region, as it is called in the new and beautiful American 
chaiti oi' Lieutenant Samuel Lee {Track of the Surveying Brig 
Dolphin, 18/54), five times between 1747 and Krusenstem’s 
circuniiiavigation of the globe and seven times from 1806 to 
1836. But during the recent expedition of the brig Dol¬ 
phin (January 1852), as previously (1838), during Wilkes’s 
exploi'ing expedition, nothing remarkable was observed, 
although the brig was ordered “ on account of Krusenstern’s 
volcano ” to make investigations with the lead between the 
equator and 7” S. latitude, and about 18*^ to 27° longitude. 

III. Africa. 

It is stated by Captain Allan that the volcano Mongo-ma 
Leba in the Cameroon Mountains (4°12' N. lat.), westward 
of the mouth of the river of the same name in the Bight of 
Biafia, and eastward of the Delta of the Kowara, or Niger, 
emitted an eruption of lava in the year 1838. The four 
high volcanic islands of Annabon, St. Thomas, Isla do 
Principe, and San Fernando Po, which run on a fissure 
in a direct linear series from SS.W. to NN.E., point to the 
Cameroons, which, according to the measurements of Captain 
Ow^eu and Lieutenant Boteler, rises to the great altitude of 
nearly 13,000 

A volcano (f) a little to the we,st of the Snoufy Mountain 
Kignea in Eastern Africa, about 1°20' S. lat. was discovered 
by the missionary Krapf in 1849, near the source of the 
River Dana, about 320 geographical miles north-west of the 
coast of Mombas. In a parallel nearly two degrees more 
southerly than the Kignea is situated another snowy moun¬ 
tain, the Kilimandjaro, which was discovered by the mis¬ 
sionary Rebmann in 1847, perhaps scarcely 200 geographical 
miles from the; same coast, A little to the westward lies a 
third snowy mountain, the Doengo Engai, seen by Captain 

Guniprecht, Tie xulkanieche Thdiifjkeit auf dem Festlande xon 
Afrila, in Arabien uiid avf den Irnteln den roihen Meeres, 1849, s, 18. 
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Short. The knowledge of the existence of these mountains 
is the result of laborious and hazardous researches. 

Evidences of prc-historical volcanic action in the great 
continent, the interior of which between the seventh degree 
north and the twelfth degree south latitude (the parallels of 
Adamaua and tlie Lubalo Mountain, which acts as a water¬ 
shed,) still remains so unexplored, are furnished, according 
to Riippell, by the country surrounding the Lake Tzana, in 
the kingdom of Gondar, as well as by the basaltic lavas, 
trachytes, and obsidian strata of Shoa, according to Kochet 
d’Hericourt, whose mineralogical specimens, quite analogous 
to those of Caiital and Mont Dot'e, may have been exa¬ 
mined by Diifrenoy {Comptes rendm, t. xxii. pp 806—810). 
Though the conical mountain Koldghi in Cordofan is not 
now seen either in a burning or smoking state, yet it ap¬ 
pears that the existence of a black, porous, and vitrified rock 
has been ascei'tained thei‘e.“ ^ 

In Adamaua, south of the great Benue river, rise the 
isolated mountain-masses of Bagele and Alantika, which 
from theij: conical and dome-like forms appeared to Dr. Barth, 
on his journey from Kuka to lola, to resemble trachyte 
mountains. According to Petennanns notices from the note¬ 
books of Ovei'weg, (of whose researches natural science was 
so early deprived) that traveller found itx the district of 
Gudsheba, westward of the lake of Tshad, separate basaltic 
cones, rich in olivine and columnar in form, which were 
sometimes intersected by layers of the red, clayey-sandstone, 
and sometimes by those of quartzose granite. 

The small number of now ignited volcanoes in the undi¬ 
vided continents, whose coast-lands are sufficiently known, 
is a very remarkable phenomenon. Can it be that in the 
unknown regions of Central Africa, especially south of the 
equator, large basins of water exist, analogous to Lake 
P^niames (formerly caDed by Dr. Cooley, N’yassi), on whoso 
shores rise volcanoes, like the Demavend near the Caspian 
Sea ? Much as the natives ai'e accustomed to move about 
over the country, none of them liave hitherto brought us the 
least notice of any such tiling ! 

** Cosmos, vol. 1, p. 244, note J, For the whole of the phenomena 
hitherto known in Africa, see Landgrebe, Natwrgeschichte der Yulkomt, 
,Bd. i, H. 196—219. 
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IV. Asia. 

a. The Western and Central part. 

The volcano of Demavend^®® in a state of ignition, but, 
according to the accounts of Olivier, Morier and Taylor 
Thomson (1837), smoking only modemtely, and not uninter¬ 
ruptedly. 

The volcano of Medina (eruption of lava in 1276). 

The volcano of D jebel el Tir (Tair or Tehr), an insular 
mountain 895 feet high, between Loheia and Massaua in the 
Red Sea 

The volcano of Peshnn, northwai'd of Kutsche in the great 
mountain-chain of the Thian-schixn or Celestial Mountains in 
•Central Asia ; erui)tions of lava within the true historical 
period, from the year 89 up to the beginning of the seventh 
century of our era. 

The volcano of Ho-cheu, called also sometimes in the very 
circumstantial Chinese geographies the volcano of Turfan ; 
120 geographical miles from the great Solfatara of Uinimtai, 
near the eastern extremity of the Thian-s(dian, in the direc¬ 
tion of the beautiful fruit country of Kami. 

The volcano of Demavend, which rises to a height of up- 

The height of Demavend above the sea was given by Ainsworth 
at 14,695, but after correcting a barometrical result, probably attri¬ 
butable to an error of the pen (As/e Centrahy t. hi, p, 327), it amounts, 
according to Ottman’s tables to fully 18,633 feet. A somewhat greater 
elevation, 20,085 feet, is given by the angles of altituB^ worked by my 
friend. Captain Lcmin, of the Russian navy, in the year 1839; and 
which are certainly very correct, but the distance is not trigonome¬ 
trically laid down, and rests on the presumption that the volcano 
of Demavend is 66 versts distant from Telieran (one equatorial 
degree being equal to 104-j^ versts). Hence it would appear that the 
Persian volcano of Demavend, covered with perpetual snow, situated ao 
near the southern shore of the Caspian Sea, but distant 600 geogra¬ 
phical lilies from the Cclchian coast of the Black Sea, is higher than 
the g^eat Ararat by about 2989 feet and the Caucasian Elburuz by 
probably 1600 feet. On the Demavend, see Ritter, Erdktmde von 
Asierij Bd. vi, Abth. i, s. 551—571, and on the connection of the name 
Ibordj, taken from the mythic and therefore vague geography pf thP 
Ze»-^d-nation, with the modern name Elburz (Koh Alburz of Kazwini) 
and ^Iburuz, zee ibid* s. 43—49, 424, 652, and 555. 
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wards of 19,000 feet, lies nearly 36 geographical miles from 
the southern shore of the Caspian Sea, in Maaenderan, and 
almost at the same distance from Resht and Astcrabad, on 
the chain of the ITindu-kho which slopes suddenly down 
to the west in the direction of Herat and Mesh id. I have 
elsewhere (Asif^ Gentrale, t. i, pp 124—129 ; t. iii, pp. 433— 
435) mentioned the probability that the Hindu-kho of 
Chitral and Kafiristan is a westerly continuation of the 
mighty Kuen-lun, which bounds Tibet towards the north 
and intersects the Bolor Mountains in the Tsungling. The 
Demavend belongs to the Persian or Caspian Elburz, a sys¬ 
tem of mountains which must not be confounded with the 
Caucasian ridge of the same name (now called Elburuz), and 
which lies 7a"” further north and 10'" further west. The 
word hilburz is a corruption of Alborj, or Mountain of the 
World, which is connected with the ancient cosmogony of 
the Zends 

While the volcano of Demavend, according to the gene¬ 
rality of geognostic views on the direction of the mountain- 
chains of Central Asia, bounds the great Kuen Inn chain 
near its western extremity, another igneous appearance at 
its eastern extremity, the existence of which I was the first 
to announce (Asie Gentrale, t. ii, pp. 427 and 483), deserves 
particular notice. In the course of the impoi-tant researches 
which I recommended to my respected friend and colleague 
in the Institute, Stanislas Julien, with the view of deriving 
information from the rich geographical sources of old Chinese 
literature on the subject of the Bolor, the Kuen-lun, and the 
Sea of Stars, that intelligent investigator discovered in the 
great Dictionary published in the beginning of the eighteenth 
century by the Emperor Yong-ching a description of the 
“ eternal fiame ” wMch issues from an opening in the hiU 
called Shin-khien, on the eastern slope of the Kuen-lun. 
This luminous yihenomenon, however deeply seated it may 
be, cannot well be termed a volcano. It ajipears to me 
rather to present an analogy with the Chiinaera in Lycia, 
near Deliktash and Yanartash, which was so early known 
to the Greeks. This is a stream of fire, an issue of gas con¬ 
stantly kindled by volcanic action in the interior of the 
earth (See page 256, note 50). 

Arabian writers inform us, though for che most part 
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without quoting any precise year, that lava-eruptions h^ve 
taken place during the middle ages on the south-western 
shore of Arabia, in the insular chain of the Zobayr, in the 
Straits of Bab-el-Mandeb and Aden (Wellsted, Travels in 
Arabia^ vol. ii, j»p. 466-—468), in Hadhramaut, in the Strait 
of Ormuz, and at different points in the western portion of 
the Persian Gulf. These eruptions have always occurred on 
a soil which had already been in pre-historical times the seat 
of volcanic action. The date of the eruption of a volcano at 
Medina itself, northward of the Straits of Bab-el- 

Mandeb, was found by Burckhai'dt in Saxnhudy’s Chronicle 
of the famous city of that name in the Ilcdjaz. It took 
place on the 2nd fNovcmber, 1276. According to Sectzen, 
however, Abulmahasen states that an igneous eruption had 
occurred there in 1254, which is twenty-two years earlier 
(see Cosmos^ vol. i, p. 24G). The volcanic ivsland of Djebel- 
tair, in which Vincent recognized the burnt-out islaild ” of 
the Periplus Maris Erythcei, is still active and emits smoke, 
according to Botta and the accounts collected by Ehrenberg 
and Russegger {Iteisen in Europa, Asien und Africa^ Bd. ii, 
Th, 1, 1843, s. 54). Eor information respecting the entire 
district of the Straits of Bab-el-Mandcb, with the basaltic 
island of Perim,—the crater-like circnmvallation, within 
which lies the town of Aden,—the island of Seerah with 
streams of obsidian, covered with pumice,—the island- 
groupes of the Zobayr and tlie Farsan (the volcanic nature 
of the latter was discovered by Ehrenberg in 1825) T refer 
my readers to the interesting researches of Ritter in hia 
Erdkunde von Asieny Bd. viii, Ahth. 1, s. G(j^^707y 889— 
891, and 1021—1034, 

The volcanic mountain-chain of the 'Thian-schan {Asie 
Centrale, t. i, pp. 201—203 ; t. ii, pp, 7—51), a range which 
intersects Central Asia between Altai and Kuen-lun from 
east to west, formed at one period the particular object of 
my investigations, so that I have been enabled to add to the 
few notices obtained by Abel-Remusat from the Japanese 
EncyclopoRdia, some fragments of greater importance dis¬ 
covered by Klaproth, Neumann, and Stanislas Julien {Aste 
Centralsy t. ii, pp. 39—50 and 335—364). The length of 
the Thian-schan is eight times greater than that of th^ 
Pyrenees, if we include the Asferah which is on the other 
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side of the intersected meridian-chain of the Kusyurt-Bolor, 
stretching westward as far as the meridian of Samarcand, 
and in which Ibn Haukal and Ibn-al-Vardi describe streiims 
of fire, and notices luminous (?) fissures emitting sal am¬ 
moniac (see the account of Mount Botom, ut supra). In 
the history of the dynasty of Thang it is expressly stated 
that on one of the slopes of the Pe-shan, which continually 
enfiits fire and smoke, the rocks burn, melt and flow to the 
distance of several li, like a “ stream of melted fat. The 
soft mass hardens as it cools.” Tt is impossible to describe 
more characteristically the appearance of a stream of lava. 
Moreover, in the forty-ninth b(Jok of the great geography of 
the Chinese empire, which was printed at Pekin from 1789 
to 1804 at the expense of the state, the burning mountains 
of the Thian-sehan are described as “still active.” Their 
position is very central, being nearly equi-distant (1520 geo¬ 
graphical miles) from the nearest shore of the Frozen Ocean 
and from the mouth of the Indus and Ganges, 1020 miles 
from the Sea of Aral, 172 and 208 miles from the salt-lakes 
of Tssikal and Balkasoh. Information respecting the flames 
issuing from the mountain of Turfan (HLotscheu) has also 
been furnished by the pilgrims of Mecca, who were officially 
examined at Bombay in tbe year 1835 [Journal of the Asiatic 
Soc. of Bengal, vol. iv, 1835, pp 657—664). When may we 
hope to see the volcanoes of Peschari and Turfan, Barkul and 
Hami explored by some scientific traveller, by way of 
Gouldja on the Hi, which may bo easily reached. 

The better knowledge now possessed of the position of the 
volcanic moiintain chain of the Thian-schan has very naturally 
given rise to the question whether the fabulous territory of 
Gog and Magog where “ eternal fire ” is said to burn at the 
bottom of the River El Macher, is not in some way con¬ 
nected with the eruptions of the Peschan or the volcano of 
Turfan. This oriental myth, which had its origin westward 
of the Caspian Sea, in the Bylis Alhanioe near Herbend, has 
travelled, like all other myths, far towards the East. Edrisi 
gives an account of the journeying of one Salam el Terdje- 
man, the diugoman of one of the Abbassicle-Chalifs, in the 
first half of the ninth century, from Bagdad to the Land of 
Darkness. He proceeded through the steppe of Baschkir to 
the snowy-mountain of Cocaia, which is surrounded by the 
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great ■wall of Magog (Madjoudj). Am6d6e'Jaubert, to whom 
we are indebted for important supplements to the Nubian 
geographers, has shown that the fires which burn on the 
slope of the Cocaia have nothing volcanic in their nature 
{Asie (Jentrale, t. ii, p. 99). Edrisi places the Jjake of Te¬ 
hama further to the south. I think I have .said enough to 
show the probability of the Tehama being identical with the 
great Lake of Balkasch, into which the J li flows, and which 
is only 180 miles further south. A century and a half later 
than Edrisi, Marco Polo placed the wall of Magog among 
the mountains of In-schan, to the east of the elevated plain of 
Gobi, in the direction of the River Iloang-ho and the Chinese 
wall, respecting which, singularly enough, the famous Vene¬ 
tian traveller is as silent as he is on the subject of the use of 
tea. The In-shan, the limit of the territory of Prester John, 
may be regarded as the eastern prolongation of the Thian- 
schan {Asie Cmtrale, t. ii, pp. 92—104). 

The two conical volcanic mountains, the Petschan and 
Hotshen of Turfan, which formerly emitted lava, and which 
are separated from each other at a distance of about 420 
geogi-aphical miles by the gigantic block of mountains called 
the Bogdo-Oola, crowned with eternal .snow and ice, have 
long been erroneously considered an isolated volcanic group. 
I think I have shown that the volcanic action north and 
south of tholoi^ chain of the Thian-schan here, as well as 
in the Caucasus, stands in close geognostic connection with 
the limits of the circle of terrestrial commotion, the hot- 
springs, the solfataras, the sal-ammoniacal fissures and beds 
of rock-salt, • 

According to the view I have already frequently ex- 
' pressed, and in which the writer most profoundly acquainted 
with the Caucasian mountain system (Abich) now coin¬ 
cides, the Caucasus itself is only a continuation of the ridge 
of the volcanic Thian-schan and Asferah on the other side 
of the great Aralo-Caspian depression.” This is therefore 
the place, in connection with the phenomena of the Thian- 
shan, to cite as belonging to pre-historical periods the four' 
extinct volcanoes of Elburuz, 18,494 feet in height, Ararat 
17,112 feet, Kasbegk 16,-532 feet, and Savalan 15,760 feet 

” A tie Ceatrale, t. ii, pp, 9, and 54—58. See also page 208, 
Dpte 61, of the present volume. 
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high." In point of height these mountains stand between 
Cotopaxi and Mont Blanc. The Great Ararat (Agri-dagh), 
ascended for the first time on the 27th September, 1829, by 
Friedrich von Parrot, several times during 1844 and 1845 
by Abich, and lastly in 1850 by Colonel Chodzko, is dome¬ 
shaped, like Chimborazo, with two extremely small eleva¬ 
tions on the border of the summit, but without any crater 
at the apex. The most extensive and probably the latest 
pre-historical lava-eruptions of Ai-arat have all issued below 
the limit of perpetual snow. The nature of these eruptions 
is two-fold; they are sometimes trachytic with glassy feld¬ 
spar, interspersed with pyrites which readily weather, and 
sometimes dol critic, composed of labradoritc and augite, like 
the lavas of Etna. The doleritic lavas of Ararat are con¬ 
sidered by Abich to be more recent than the trachytic. The 
points of emission of the lava-streams, which are all beneath 
the limit of perpetual snow, are frequently indicated (as, for 
example, in the extensive grassy plain of Kip-ghioll, on the 
north-western slope) by eruptive cones and by small craters 
encircled by scorise. Although the deep valley of St. James 
which extends to the very summit of Ararat, and gives a 
peculiar chax'acter to its form, even when seen at a distance, 
exhibits much resemblance to the Val del Bove on Etna, and 
displays the internal structure of the Dome, yet there is this 
striking difference between them, that in the valley of St. 
James massive trachytic rock alone is found, and no streams of 
lava, beds of scoriie or rapilli." The Great and Little Ararat^ 
the first of which is shown by the geodetic labours of Wasili 
Fedorow, to be 3'4" more northerly and G' l2" more westerly 
than the other, rise on the southern edge of the great plain 

Elburiiz, Kasbegk, and Ararat, according to cominunicationB 
from Struve, Ante Gentrale, t, ii, p. 57. The height of the extinct 
volcano of Savalau, westward of Ardebil, as given in the text is 
founded on a measurement of Chanykow. See Abich in the Melanges 
Phys, et Chim, t. ii, p. 361. To save tedious repetition in the citation 
of the sources on which I have drawn, I would here explain that 
everything in the geological section of Cosmos, relating to the import 
taut Caucasian isthmus, is borrowed from manuscript essays of the 
years 1862 and 1865 communicated to me by Abich in the kindest 
,, and friendliest manner for my unrestricted use. 

Abich, Notice Eccplicative d*une Vite de rArarat, in the Bulletin de 
^ Sqc, de Olographic de France, 4^me s^rie, t. p. 516. 
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through which the Araxcs flows in a large bend. They both 
stand on an elliptic volcanic plateau, whose major axis runs 
south-east and north-west. The Kasbegk and the Tshegem 
have likewise no summit crater, although the former has 
thrown out vast eruptions towards the north, in the direc¬ 
tion of Wlailikaukas, The greatest of all these extinct vol¬ 
canoes, the trachytic cone of the Elburuz, which has risen 
out of the talc and dioritic schistous mountains, rich in 
granite, of the valley of the Kiver Backsan, has a crater-lake. 
Similar crater-lakes occur in the nigged highlands of Kely, 
from which streams of lava flow out between eruption-cones. 
Moreover, the basalts are here, as well as in the Cordilleras 
of Quito, widely separated from the trachyte-system ; they 
commence from twenty-four to thirty-two miles south of the 
chain of the Elburuz, and of the Tschegem on the Upper 
Phasis or Khion valley. 

)9 . The north-eastern portion {the Peninsula of 

Kamtschatha'). 

The peninsula of Kamtschatka, from Cape Lopatka, 
which, according to Krusenstern is in lat. 5US', as far north 
as to Cape Ukinsk, belongs, in common with the island of 
Java, Chili and Central America, to those regions in which 
the greatest number of volcanoes, and, it may be added, of 
stdl active volcanoes, are cornjjressed within a very small 
area. Fourteen of these are reckoned in Kamtsc.'iatka 
within a range of 420 geographical miles. In Gentral Ame¬ 
rica I find in a space of 680 miles, from the volcano of 
Coconusco to Turrialva in Costa Rica, twenty-nine volcanoes, 
eighteen of which are still burning; in Peru and Bolivia, 
over a space of 420 miles, from the volcano Chacani to 
that of San Pedro de Atacama, fourteen volcanoes, of which 
only three are at present active, and in Chili, over a space 
of 960 miles, from the volcano of Coquimbo to that of Sam 
Clemente, twenty-four volcanoes. Of the latter, thirteen are 
known to have been active within the periods of time em¬ 
braced in historical records 

Our -acquaintance with the Kamtschatkan volcanoes, in 
respect to their form, the astronomical determination of their 
position and their height, has been vastly extended in recent 
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times by Krusenstem, Homer, Hofmann, Lenz, Liitke, 
Postels, Captain Beechey, and above all by Adolph Erman. 
The peninsula is intersected lengthwise by two parallel 
mountain chains, in the most easterly of which the volcanoes 
are accumulated. The loftiest of these attain a height of 
from 11,190 to 15,773 feet. They lie in the following order 
from south to north : 

The Opalinskian volcano (the Pic Koscheleff of Admiral 
Krusenstem) lat. 5P21'. Accoi'ding to Captain Chwo«tow, 
this mountain rises to the height of the Peak of Teneriffe, 
and was extremely active at the close of the 18th century. 

The Hodutka Sopka (51^ 35'). Between Ihis and the one 
just noticed, there lies an unnamed volcanic cone (51° 32'), 
which, however, according to Postels, seems, like the Ho¬ 
dutka, to be extinct. 

Poworotnaja Sopka (52° 22'), according to Captain 
Beechey, 7930 feet high (Ernian’s Heise^ t. iii, p. 253; 
Leop. von Buch, lies Can, p. 447). 

Assatschiiiskaja Sopka (52° 2') ; great discharges of ashes, . 
particularly in the year 1828. 

The Wiljutschinsker volcano (52° 52') ; according to 
Captain Beechey 7373 feet, according to Adnnral Liitke 
6744 feet high. Distant only 20 geographical miles from 
the harbour of Petropolowski on the north side of the Bay 
of Torinsk. 

' Awatschinskaja or Gorelaja Sopka (53° 17^), according to 
Erman, 8910 feet high ; first ascended during the expedition 
of La PC'rouse in 1787 by Mongez audBernizet; afterwards 
by my dear friend and Siberian fellow-traveller, Ernst Hof¬ 
mann (in July, 1824, during the circumnavigation of the 
globe by Kotzebue; by Postels and Lenz during the ex¬ 
pedition of Admiral Liitke in 1828, and by Erman in 
September 1829. The latter made the important geog¬ 
nostic observation that the upheaving trachyte had pierced 
through slate and grey-wacke (a silurian rock). The still 
smoking volcano had a terrific eruption in October 1837, 
there having previously been a slight one in April, 1828 
(Postels in Liitke, Voyage, t. Bd. s, 67—84; Erman, lidsey 
Hist, Berichty Bd. iii, s. 494 and 534—540). 

In the immediate neighbourhood of the Awatscha-vol- 
oano (see page 248) lies the Koriatskaja or Stijeloschnaja 
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So])ka (lat.. 53° 19'), 11,210 feet high, according to Lutke, 
t. iii, p. 84. This mountain is rich in obsidian, whicli the 
Kamtschatkans so late as the last century made into arrow¬ 
heads, as the Mexicans and the ancient Greeks used to do. 

Jupanowa Sopka, lat. according to Erman’s calculation 
{Heise, Bd. iii, s. 469) 53° 32'. The summit is pretty flat, 
and the traveller just mentioned expressly states “ that this 
Sopka, on account of the smoke it emits, and its perceptible 
subterranean rumbling, is always compared to the mighty 
Schiwelutsch, and reckoned among the undoubted igneous 
mountains.” Its height, as measured by Liitke from the 
sea, is 9055 feet. 

Kronotskaja Sopka, 10,609 feet, at the lake of the same 
name, lat. 54° 8'; a smoking crater on the summit of the 
very sharjvpointed conical mountain (Liitke, Voyage^ t. iii, 
p. 85). 

The volcano Schiwelutsch, 20 miles south-east of Jelowka, 
respecting which we possess an admirable work by Erman 
(Kme, Bd. iii, s. 261—317, and PAy,?. Jieob., Bd. i, s. 400 
—403) previous to whose journey the mountain was almost 
unknown. Northern peak, lat. 56° 40', height 10,544 feet; 
southern peak, lat. 56° 39', height 8793 feel. When Erman 
ascended the Schiwelutsch in September, 1829, he found it 
smoking vehemently. Clreat eruptions took place in 1739, 
“and between 1790 and 1810; the latter consisting, not of 
flowing, melted lava, but of ejections of loose volcanic stones. 
C. von Dittmar relates that the northern peak fell in during 
the night from the 17 th to 18 th February 1^.4. At that 
time an eruption which still continues took place, accom¬ 
panied by genuine streams of lava. 

Tolbatschinskaja Sopka; smoking violently, but in earlier 
times frequently changing the openings through which it 
ejected its ashes. According to Erman, lat. 55° 51' and 
height 8313 feet. 

Uschinskaja Sopka; closely connected with the Kliuts- 
chewsker volcano; lat. 56° O', height 11,723 feet (Buch, Cm. 
p. 452 ; Landgrebe, Volkane, vol. i, p. 375). 

Kliutschfewskaja Soi)ka(56° 4') : the highest and most ac¬ 
tive of all the volcanoes of the peninsula of Kamtschatka J 
thoroughly examined by Erman, both geologically and hjt>- 
Bometrically. According to Krasebeniko^s report, the 
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Kliutsohewsk had great igneous eruptions from 1727 to 
1731, as also in 1767 and 1795. On the 11th of September 
1829, Erman performed the hazardous feat of ascending the 
volcano, and was an eye-witness of the ejection of red-hot 
stones, ashes, and vapour from the summit, while at a great 
distance below it an immense stream of lava flowed from 
a fissure on the western declivity. Here also the lava is rich 
in obsidian. According to Erman (Seoh., vol. i, pp. 400— 
403 and 419) the geographical latitude of the volcano is 56°4', 
and its height in September 1829 was, on a very accurate 
calculation, 15,763 feet. In August 1828, on the other hand, 
Admiral lAitke, on taking angles of altitude at sea, at a 
distance of 160 knots (40 nautical miles) found the summit 
of Kliutschewsk 16,498 feet high {Voi/f((/e. t. iii, p. 86 ; 
Landgrebe, Vulkanr, Ed. i, s. 375—386). This measure¬ 
ment, and a comparison of the admirable outline drawings 
of Baron von Kittlitz, who accompanied Liitke’s ex])edition 
on .board the Seniawin, with what Erman himself observed 
in September 1829, led the latter to the conclusion that, in 
this short period of thirteen months, great changes had taken 
place in the form and height of the summit. “I am of 
opinion,” says Erman (iBcue, vol. iii, p. 359), “that we can 
scarcely be wrong in assuming the height of the summit in 
August 1828, to have been 266 feet more than in September 
1829, during my stay in the neighbourhood of Kliutschi, 
and that therelore its height at the former of these periods 
must have been 16,029 feet.” In the case of Vesuvius I 
found, by my own calculations (founded on Saussure’s 
barometrical measurement in 1773), of the Rocca del Palo, 
the highest northern margin of the crater, that up to the 
year 1805, that is to say, in the course of thirty-two years, 
this northern margin of the crater had sunk 35^ feet, while 
from 1773 to 1822, or forty-nine years, it had risen (appa- 
. rently) 102 feet {Vietos of Nature, 1850, pp. 376—378). In 
the year 1822, Monticelli and Covelli calculated the Rocca 
del Palo at 3990 feet, and I at 4022 feet; I then gave 
3996 as the most probable result for that period. In the 
spring of 1855, thirty-three yeai-s later, the delicate baro- 
m'etrical measurements of the Olmutz astronomer, Julius 
Schmidt, again brought out 3990 feet {Neue Hestimm. am 
Vesuv. 1866, s. i, 16 and 33). It would be curious to 
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know how much should here he attiibuted to imperfec¬ 
tion of measurement and barometrical formula. Investiga¬ 
tions of this kind might be miiltiplied on a larger sc^e 
and with greater certainty if, instead of often repeated com¬ 
plete trigonometrical operations or, in the case of acces¬ 
sible summits, the more practicable, though less satisfactory 
barometrical measurements, operators would confine them¬ 
selves to determining, even to fractions of seconds, at com¬ 
parative periods of twenty-five or fifty years, the simple 
angle of altitude of the margin of the summit, from the 
same point of observ.ation, and one which could with cer¬ 
tainty be found again. On account of the influence of 
terrestrial refraction, I would recommend that, in each of 
the normal epochs, the mean I'esult of three days’ observa¬ 
tions at different hours should be taken. In order to obtain, 
not only the general result of the increase or diminution of 
the angle, but also the absolute amount of the change in 
feet, the di,stance would require to be determined previously 
only once for all. What a rich source of knowledge relative 
to the twenty volcanic Colossi of the Cordilleras of Quito, 
would not the angles of altitude, determined for more than a 
century by the labours of Bouguer and La Condamine have 
provided, had those travellers acciirately designated as fixed 
and permanent points the stations whence they measured 
the angles of altitude of the summits. According to 
C. von Dittmar the Kliutschewsk was entirely quiescent 
since the eruption of 1841 until the lava burst forth again 
in 1853. The falling in, however, of the summit of the 
Schiwelutsch interrupted the new action (Ji^letin de la 
Clause Physico-Mathtm. de VAcad, des de St. Petersbouraj 
t. xiv, 185G, p. 240). 

Four more volcanoes, mentioned in part by Admiral 
Liitke, and in part by Postels, namely the Apalsk, still 
smoking, to the south-east of the village of Bolscheretski,. 
the Schi8cha]unskaja Sopka (lat. 55° 11'), the cone of K.res- 
towsk (lat. 56° 4'), near the Kliutschewsk group, and the 
TJschkowsk, I have not cited in the foregoing series from 
want of more exact specification. The central mountain- 
range of Kamtschatka, especially in the plain of Baidar^n, 
lat. 57° 20', eastward of Sedanka, presents (as if it bad been 
“ the field of an ancient crater of about four worsts, that is 



TRUK VOLCANOES. 


367 


to say, the same number of kilometres, in diameter”), the 
remarkable geological phenomenon of effusions of lava and 
scorise from a blistery and often brick-coloured volcanic 
rock, which in its turn has penetrated through fissures in the 
earth, at the greatest possible distance from any frame¬ 
work of raised cones (Erman, Iteise^ Bd. iii, s. 221, 228 
and 273 ; Buch, lies Canaries p. 454). The analogy is here 
very striking with what I have already circumstantially 
explained regarding the Malpays, the problematic fields of 
debris in the elevated plain of Mexico (see page 315). 


V. Islands of Eastern Asia. 

Erom Torres Strait, which, in the 10th degree of southern 
latitude, separates New-Guinea and Australia, and from 
the smoking volcano of Flores to tlie most northern of the 
Aleutian Isles (lat. 5S^) there is a multitude of islands, 
for the most part volcanic, which, considered in a general 
geological point of view, it would be somewhat difficult, on 
account of their genetic connection, to divide into separate 
groups, and which increase considerably in circumference 
towards the south. Beginning at the north wo first observe 
that the curved scries®® of the Aleutians, issuing from the 
American peninsula of Alaska, connect the old and the new 
continents together by means of the island Attu, near 
Copper Island and Behring’s Island, while to the south they 
close in the waters of Behring’s Sea. From Cape Lopatka, 
at the southern extremity of the peninsula of Kamtschatka, 
we find succeeding each other in the direction from north to 
south first, the Archipelago of the Kuriles, bounding on the 
east the Saghalien or Ochotsk Sea, rendered famous by La 
P^rouse, next Jesso, probably in former times connected 
with the island of Krafto (Saghalin, or Tschoka), and 

See Dana’s remarks on the curvatures of ranges of islands, whose 
convexity in the South Sea is almost alwaj's directed towards the 
south or south-east, in the United Staten* Ejc;phr, Expcd> by Wilkes, 
voL X [Geology by James Dana), 1849, p. 419. 

The island of Saghalin, Tschoka, or Tarakai, is called by the Ja¬ 
panese mariners Krafto (written Karafuto), It lies opposite the mouth 
of the Amoor (the Black River, Saghalian Ulu), and is inhabited by the 
Ainos, a race mild in disposition, dark in colour, and sometimes rather 
hairy. Admiral Krubeustern was of opinion, as were also previously 
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lastly the tri insular empire of Japan, acrc^s the narrow 
Strait of Saugai (Niphon, Sitkok and Kiu-Sm, according to 
Siebold’s admirable map, between 41° 32' and 30° 18 ) From 
the vokino of Kliutschewsk, the northernmost on the east 
coast of the jKumsulaof Kamtschatka, to the most southern 
Japmese volcano island of Tanega Sima, m the Van Die¬ 
men’s Chumcl, explored by Kruseusteiii, the direction of 
the Igneous action is indicated in the numerous lents of the 
earth’s ci ist, is precisely from north east to south west The 
range is carried on by the island of Jakuno S ma, on which 
a conical mountain uses to the height of 58^8 feet (1780 
metres), and winch sejnrates the two straits of Van Die¬ 
men and Coluet —by the lansthote Archipelago of Siebold, 
—by Ca])tajn Basil Hall’s sulphui island, I^ung Huang- 
Schan, and by the small gioup of the Loo choo and Majico- 
sima, which lattci appioaches within a distance of 92 
geogiaphical miles the eastern maigm of the gieat island of 
the Chinese coasts, Foimosa oi Tay-wan 

the companions of T a P^rouso (1787) and Broughton ( 1797 ), that 
Saghalin v is connected with the Asiatic continent by \ nairow, sandy 
isthmus (lat 62 buttiom the impoitant Jifinese notices com¬ 
municated by 1 1 1117 von Siebold it appeals that accoiding to a chart 
drawn up ui the yo ii 1808 by M imia limso the chief of an Imperial 
Japmese commission kiafto is not a peninaula but an island sur¬ 
rounded on dll sides by the sea (Ritter Lrdkunde von Am 7 i,yo\ ii, 
p 488) The concl isiou of M imia Rins6 has been > erj lecently com 
pletcly venfieU is mentioned bj Siebold when the Russian fleet lay 
dt ancboi in the year 1855 m the Bue de Castiaes (lat 29') near 
Alexundr >\isk and consequently to the south of the conjectured 
isthmus and yet was \ble to retire into the mouth of %he Amoor (lat 
62" 24') In the nariow channel m which the isthmus waS formerly 
supposed to be theio were m some pi ices only 6 fathoms water The 
island IS beginning to acquire some political importance on account of 
the proximity of the great stream of Amoor or baghahn Its name, 
pronounced Karafto or Knfto, is a contraction of Karafu to, which 
Bignifics, accoiding to Siebold ' the island bordeiiug on Kara*' In 
the J ipano Chinese language Kara denotes the most northerly part of 
China (1 irtaiv) and fu according to the learned writer just men 
tioned, signifies lying close by Tschoka is a corruption of Tsyokai, 
and Tarakai ongmates from a mistake in the name of a single village 
called Tciraika According to Klaproth (Asia Polyglotta, p 301), 
Taraikai, or Tankai la the native Amo name of the whole island. 
Compare Leopold Schrenks and Captain Beinard Wittingham’s re¬ 
marks m Petermanu s MiUketlungen, 1866, s 176 andl84. See 
also Perry, Exped to Japan, vol i, p 468. 
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Here at Formosa (N. lat. 25°—^^26°) is the important 
point where, instead of the lines of elevation from N.E. 
to S.W. those in the direction from north to south com¬ 
mence, and continue nearly as far as the parallel of 5® or 6° 
of southern latitude. They are recognizable in Formosa 
and in the Philippines (Luzon and Mindafiao) over a space 
of fully twenty degrees of latitude, intersecting the coasts, 
sometimes on one side and sometimes on both, in the direc¬ 
tion of the meridian. They are likewise visible on the east 
coast of the great island of Borneo, which is connected by 
the So-lo Archipelago with Mindanao, and by the long 
narrow island of Palawan with Mindoro. So also in the 
western portions of the Celebes, with their varied outline, 
and Gilolo, and lastly (which is especially remarkable) in 
the longitudinal fissures on which, at a distance of 1400 
geographical miles eastward of the group of the Philippines 
and in the same latitude, the range of volcanic and coral 
islands of Marian or the Ladrones have been upheaved. 
Their general direction®^ is north and 10"^ east. 

Having pointed out in the parallel of the carboniferous 
island of Formosa, the turning point at which the direction 
of the Kuriles from N.E. to S.W. is changed to that from 
north to south, I must now observe that a new system of 
fissures comniences to the south of Celebes and the south 
coasts of Bonieo, which, as we have already seen, is cut 
from east to west. The greater and lesser Sunda islands, 
from Timor-lant to Wcst-Bali, follow chiefly for the space 
of 18° of longitude, the mean parallel of 8° south lati¬ 
tude. At the western extremity of Java the mean axis 
runs sorae'yhat more towards the north, nearly E.S.E. and 
W.N.W., while from the Strait of Sunda to the southern¬ 
most of the Nicobar Isles the direction is from S.E. to 
N.W. The whole volcanic fissure of elevation (E. to W. 
and S.E. to N.W.), has consequently an extent of about 
2700 geographical miles, or eleven times the length of the 

Dana, Otology of five Pacific Oceany p. 16. Corresponding with 
the meridian lines of the south-east Asiatic island-world, the shores 
of Cochin-China from the gulph of Tonquin, those of Malacca from 
the gulph of Siam, and even those of New Holland south of the 25th 
degree of lat., are for the moat part cut off as it were in the direction 
from north to south. • 

VOL. V. 2 B 
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Pyrenees. Of this spafle, if we disregard the slight devia¬ 
tion towards the north in Java, 1G20 miles belong to the 
east and west direction, and 1080 to the south-east and 
north-west. 

Thus do general geological considerations on form and 
range lead uninterruptedly in the island-world on the 
east coast of Asia (over the immense space of 68^ of 
latitude) from the Aleutian Isles and Behring’s Sea to the 
Moluccas and the Great and Little Sunda lies. The greatest 
variety in the configuration of the land is met with in the 
])arallel-zonG of north and 10^ south latitude. It is very 
remarkable how generally the line of eruption in the larger 
portions is repeated in a neighboring smaller portion. Thus 
a long rouge of islands lies near the south coa.st of Sumatra 
and parallel to it. We find the same appearances in the 
smaller phenomena of the mineral veins as in the greater 
ones of the mountain ranges of whole continents. Accom¬ 
panying debris running by the side of the principal vein, 
and secondary chains (chm?ies aommparfnanfed) lie frequently 
at considerable distances fronas^eacli other. They indicate 
similar causes and similar tendencies of the formative action 
in the folding in of the crust of the earth. The conflict of 
powers in the contemporaneous openings of fissures in op- 
^ posite directions apjiears sometimes to occasion strange 
formations in. juxtaposition, as may be seen in the Molucca 
Islands, (!!elebes, and Kilolo. 

After developing the iiitemal geological connection of the 
East and South A siatic insular system, in orde^;,not to deviate 
from the long-adopted, though somewhat arbitrary, geo¬ 
graphical divisions an<l nomenclature, we ])lace the southern 
liniit of the Eastern Asiatic insular range (the turning point) 
at Formosa, where the line of direction runs off from the 
N.E.—S.W. to the N.—S., in the 24th degree of north 
latitude. The enumeration proceeds again from north to 
south, beginning with the eastern, and more American, 
Aleutian Islands. 

The Aleutian Isles, which abound in volcanoes, include, in 
the direction from east to west, the Fox Islands, axnong 
which are the largest of all, Unimak, Unalaschka, and 
Umnak;—the Andrejanowsk Isles, of which the most 
famous are Atcha, with three smoking volcanoes, and the 
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great volcano of Tanaga, already delineated by Saner;— 
the Rat Islands^ and the somewhat distant islands of Blynia, 
among which, as has been already observed, Attn forms the 
connecting link to the Commander group (Coi)j)or and 
Behring’s Isles) near Asia. There seems no ground for the 
often-repeated conjecture that the range of continental vol¬ 
canoes in the direction of NN.B. and SS.W, on the penin¬ 
sula of Kamtschatka first commences where the volcanic 
fissure of upheaval in the Aleutian Islands intersects the 
peninsula beneath the ocean, the Aleiitian-fissure thus form¬ 
ing, as it were, a channel of conduction. According to 
Admiral Liitkfi’s chart of the Kamlacliatkan Sea (Eehring’s- 
Roa) the island of Attu, the western extremity of the Aleu¬ 
tian mnge, lies in lat, 52° 46^, and the noii-volcanic Cop¬ 
per and Behring’s Islands in lat. 54^^ 30' to 55° 20\ while the 
volcanic range of Kamtschatka commences under the I'jaral- 
Icl of 5G° 40' with the great volcano of Rchiwehitsch, to the 
west of Cape Stolbowoy. Besides, the direction of the 
fissures of eruption is very diftcrent, indeed, almost opposite. 
The highest of the Aleutian volcanoes, on Uiiiimxk, is 8076 
feet, according to Lfitkc. Near the northern exti'emity of 
TJmnak, in the month of May, 1796, thex’e arose from the 
sea, under very remarkable circumstances, wliich have been 
admirably described in Otto von Kotzebue’s Entdeckungs- 
rehe^'* (Bd. ii, s. 106), the island of Agaschagokh (or St. 
Johannes Theologus) wliich continued burning for nearly 
eight years. According to a report published by Krusen- 
stern, this isl:md was, in the year 1819, nearly sixteen 
geographical miles in circumference, and was nearly 2240 feet 
high. On the island of Unalasclika the jjroportions of the 
trachyte, containing much hornblende, of the volcano of 
Matuschkin (5474 feet) to the black porphyry (?) and the 
neighbouring g anito, as given by Chainisso, would deserve 
to be investigated by some scientific observer acquainted 
with the conditions of modem geology, and able to examine 
carefully the mineralogical character of the different kinds 
of rock;s. Of the two contiguous islands of the Pribytow 
group, which lie isolated in the Kamtschatkan sea, that of 
St. Paul is entirely volcanic, abounding in lava and pumice, 
while St. George’s Island, on the contrary, contains only 
granite and gneiss. 


2 B 2 
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A.ccording to the most exact enumeration we yet possess,' 
the range of the Aleutian Isles, stretching over 960 geo¬ 
graphical miles, seems to contain above thirty-four volcanoes, 
the greater part oi them active in modern Idstorical times. 
Thus we see here (in 54° and 60° latitude, and 160°— 
196° west longitude) a stripe of the whole floor of the 
ocean between two great continents in a constant state of 
formative and destructive activity. How many islands in 
the course of centuries, as in the group of the Azores, 
may there not be near becoming visible above the siirface of 
the ocean, and how many more which, after having long 
appeared, have sunk either wholly or partially unobserved! 
For the mingling of races, and the migration of nations, 
the range of the Aleutian Islands furnishes a channel from 
thirteen to foui-teen degrees more southerly than that of 
Behring’s Straits, by which the Tchutehes seem to have 
crossed from America to Asia, and even to the other side of 
the river Anadir. 

The range of the Kurile Islands, from the extreme point 
of Kamtsehatka to Cape Broughton (the northernmost pro¬ 
montory of Jesso) in a longittidinal space of 720 geographi¬ 
cal miles, exhibits from eight to ten volcanoes, still for the 
most part in a state of ignition. The northernmost of 
' these, on the island of A laid, known for its great eruptions 
in the yeai’s 1770 and 1793, is well worthy of being accu¬ 
rately measured, its height being calculated at from 12,000 
to 15,000 feet. 'Ihe much less lofty Pic Sarytshew (4193 
feet according to Horner) on Mat.aua, and thw’southernmost 
Japanese Kuriles, Urup, Jetorop, and Kuuasiri, have also 
been very active volcanoes. 

We now come in the order of succession of the volcanic 
range to Jesso, and the three larger Japanese Islands, re; 
specting which the celebrated traveller, Herr von Siebold, 
has kindly communicated to me a large and important work 
for assistance in my Cosmos. This will .servo to correct what¬ 
ever was defective in the notices which I borrowed from the 
great Japanese Encyclopedia in my Fragmens de Oeologie 
et de Climatologie Asiatigues (t. i, pp. 217—234), and in 
Asie Centrale (t. ii, pp. 540—552). 

The large island of Jesso, which is very quadrangular in 
its northern portion (lat. 4H° to 45^°), separated by the 
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Strait of Saugar, or Tsugar, from Niphon, and by that of la 
Pgyousefrom the island of Krafto (Kara-fu-to), bounds by 
its north-cast cape the Archipelago of the Kuriles; but not 
far from the North- west Cape liomanzow on .Tesso, which 
stretches a degree and a half more northward in the strait 
of La P6rouse, lies, in latitude 45° 11', the volcanic Pic dd 
Langle (5350 feet) on the little island of Risiri. Jesso 
itself seems also to be intersected by a range of volcanoes, 
from Broughton’s Southern Volcano Bay nearly all the way 
td the North Cape, a circumstance the more remark¬ 
able as, on the narrow island of Krafto which is almost 
a continuation of Jesso, the naturalists of la Perouse’s ex¬ 
pedition found in the Baie de Oaxtriex fields of red porous 
lava and scorije. On Jesso itself Siebold counted seventeen 
conical mountains, the greater number of which appear to 
be extinct volcanoes. The Kiaka, called by the Jaiianese 
[Jsuga-Take, or Mortar-mountain, on account of a deeply- 
hollowed crater, and the Kajo-hori are both said to be 
still in a state of ignition. (Commodore Perry noticed 
two volcanoes from Volcano Bay near the harbour of En- 
dermo, lat. 42° 17'). The lofty Manye (Krusenstem’s 
conical mountain Pallas) lies in the middle of the island of 
Jesso, nearly in lat. 44°, somewhat to the E.N.E. of Bay 
Strogonow. 

“ The historical books of iFapan mention only six active 
volcanoes before and since our era, namely, two on the island 
of Niphon, and four on the island of Kiu-siu. The vol¬ 
canoes of Kiu-siu, the nearest to the peninsula of Corea, 
reckoning them in their geographical position from south to 
north, are (1) the volcano of Mitake, on the islet of 
Sayura-sima, in the bay of Kagosima (province of Satsuma), 
which lies open to the south, lat. 31° 33', long. 130° 41'; 
(2) the volcano Kirisima (lat. 31° 45') in the district 
of Naka, province of Finga ; 3rd, the volcano A so jama, in 
the district Aso (lat, 32° 45'), province of Figo; 4th, 
the volcano of Vunzen, on the peninsula of Simabara (lat. 
32° 44'), in the district of Takaku. The height of this 
volcano, amounts, according to a barometrical measurement, 
only to 1253 metres, or 4110 English feet, so that it is 
scarcely a hundred feet higher than Vesuvius (Rocca del 
. Palp). The most violent eruption of the volcano of Vunzen 
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on record is that of February 1793. Vunzen and Aso jama 
both lie cast-south'east of Nangasaki.*' 

“ The volcanoes of the great island of Niphon, again 
reckoning from south to north, are (1) the volcano of Fusi 
jama, scarcely IG geographical miles distant from the 
southern coast, in the district Fusi, province of Suruga 
(lat. 35° 18', long. 138^ 35'). Its heiglit, measured in the 
same way as the volcano of Vunzen, or Kiusiu, by some 
young Japanese, instructed by Siebold, amounts to 3793 
metres, or 12,441 feet; it is therefore fully 320 feet higher 
than the Peak of Teiicrifte, with which it has been already 
compared by Kampfer (Wilhelm Heine, lieue oiach Japan, 
1856, Bd. ii, s, 4). The upheaval of this conical moun¬ 
tain is recorded in the fifth year of the reign of Mikado VI 
(280 years befoi'C our era) in these (geognostically remark- 
t^ble) words :—‘ In the country of Omi a considerable tract 
of land sinks, an inland lake is formed, and the volcano 
Fusi makes its appearance ’ Tlie most violent historically 
recorded eruptions within the Christian era are those of 
799, 800, 863, 937, 1032, 1083, and 1707 ; since the latter 
period the mountain has been tranquil, 2nd. The volcano 
of Asama jama, the most central of the active volcanoes in 
the interior of the country, distant 80 geogi^aphical miles 
f];om the south-south-east, 52 miles from the north-north- 
west coast, in the district of Sakn (province of Sinano), 
lat. 36° 22', long. 138° 38'j thus lying between the meri¬ 
dians of the two capitals, Mijako and Jeddo. The Asama 
jama had an eruption as early as the year 864, contempora¬ 
neously with the Fusi jama; that of the month of July 
1783 was particularly violent and destructive. Since that 
time the Asama jama has maintained a constant state of 
activity. 

Besides these volcanoes two other small islands with 
smoking craters have been observed by European mariners, 
namely, '3rd. The small island of Ivogasimu or Ivosima {sima 
signifies dslan<l, and ivo sulphur; ga is merely an affix mark¬ 
ing the nominative), Krusenstern’s lie du Volcan, south of 
Kiu-siu, in Van Diemen’s Strait, 30°.43'N. lat, and 130°18' 
E. long., distant only fifty-four miles from the above-men¬ 
tioned volcano of Mitake; the height of the volcano is 2364 
feet (715 met). This island is mentioned by Linschoten so 
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early as 1596 in these words : ‘ The island has a volcano, 
which is a sulphur, or fiery mountain.’ It occurs also on 
the oldest Dutch sea-charts under the name of Vulcanus 
(Fr. von Siebold, Atlas vom Jap. Reicha, Tab. xi). Kru- 
senstern saw it .smoking in 1804, as did Captain Blake iu 
1838, and Guerin and De la Roche Poncie in I84G. The 
height of the cone, according to the latter navigator, is 2345 
feet (715 met.) The rocky islet mentioned as a volcano by 
Landgrehe in the Natwrueschichfe der Vulkane (Bd. i, 
s. 355), and which, according bo Kampfer, is near Firato 
(Firando), is undoubtedly Ivo-sima, for the group to which 
Ivo-sima belongs is called Kiusiu Im nima, i.e., the nine 
islands of Kiusiu, and not the ninty-nine islands. A group 
of this description occurs near Firato, northward of Naga¬ 
saki, and no where else in Japan. (4) The island of Ohosiraa 
(Barneveld’s Island; Krusenstern’s lie de Vries), which is 
considered part of the province ofidsii, on Niphon, and 
lies in front of the Bay of Vodavara, in 34"'42' N. lat. and 
139^ 26' E. long. Broughton saw smoko issuing from the 
crater in 1797, a violent eruption of the volcano having 
taken place a shoi't time previous. From this island a range 
of smaller volcanic isles stretches out in a southerly direction 
as far as Fatsi-sy6(33'^ 6' N. lat.), and continues as far as the 
Bonin Islands (26''3(y N. lat. and 142® 5' E. long.), which, 
according to A. Postels (Lutke, Vo^ar/e atitonr da Monde 
dun^ les annees 182G—29, t. hi, p. 117) arc likewise voV 
cauic and are subject to very violent earthquakes.” 

These, then, are the eight volcanoes historically known 
to be active iu Japan Proper, in and near the islands ot 
Kiusiu and Niphon. But in addition to these volcanoes a 
range of conical mountains must also be cited, some of which, 
marked by very distinct and often deeply indented craters, 
appear to be volcanoes long since extinct. One of these is 
the conical mountain of Kaimon, Krusenstern’s Pic Horner 
in the southernmost part of the i&land of Kiusiu, on the 
coast of Van Diemen’s Strait, in the province of Satsum 
(lat. 31® 9'), scarcely six geographical miles SSW. from 
the active volcano of Mita&e. Another is the Kofusi, or 
liittle Fusi, on Sikok; and another is on the islet of 
Kutsunasima. in the province of Ijo (lat. 33® 45'), on the 
eastern coast of the great straits of Suvo Nada or Van der 
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Capellen, which separate the three great portions of the 
Japanese empire, Kiusiu, Sikon, and Niphon. On the 
latter, or principal island, nine such conical mountains, pro¬ 
bably trachytic, are reckoned, the most remarkable of which 
are, the Sira jama (or White Mountain) in the province of 
Kaga, lat. 36'"5', and the Tsyo Kai-san, in the province of 
Deva (lat. 39^10'), both of which are considered loftier than 
the southerly volcano of Fusi jama, which is upwards of 
12,360 feet high. Between these two, in the province of 
Jetsigo, lies the Jaki jama (or Flame Mountain, lat. 36°53'). 
The two northernmost conical mountaims in the Saugar Strait, 
in sight of the great island of Jesso, are, (1) The Ivaki 
jama, called by Krusenstem, whose illustrations of the geo¬ 
graphy of Japan have gained him immortal honour, the Pic 
Tilesius (lat. 40° 42'); and (2) The Jake jama (the Burning 
Mountain, lat. 41° 20'), in Nambu, at the north-eastern ex¬ 
tremity of Nijihon, with igneous eruptions from the remotest 
times.” 

In the continental portion of the neighbouring peninsula 
of Corea, or Korai (which, in the parallels of 34° and 
34^°, is almost united with Kiusiu by the islands Tsu sima 
and Iki), notwithstanding its great similarity in form to the 
peninsula of Kamtschatka, no volcanoes have hitherto been 
discovered. The volcanic action seems to be confined to 
the adjoining islands. Thus, in the year 1007, the island- 
volcano of Tsinmura, called by the Chinese, Tanlo, rose from 
the sea. A learned Chinese, named Tien-kong-chi, was sent 
to describe the phenomenon and to execute a ^fcture of it.®* 
But it is especially on the island of Se-he-sure (the Quel- 
paerts of the Dutch) that the mountains exhibit everywhere 
a volcanic conical form. The central mountain rises, ad- 
cording to Broughton and La Perouse, to the height of 6395 
feet. How many volcanic efiects may there not yet remain 
to be discovered' in the Western Archipelago, where the 
King of the Coreans styles himself the Sovereign of 10,000 
Islands! 

From the Pic Horner (Kaimon ga take) on the west side 
of the southern extremity of the Kiusiu, in the Japanese 
tri-insular empire, there stretches out in a curve which lies 

** Compare the tranalations of Stanislas Julien from the Japanese 
EDcyolopndia in my Aaie CenUrale, t. ii, p. 651. 
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open towards the west, a small range of volcanic islands, 
comprising, first, between the Van Diemen and Colnet 
Straits, the Jaknno sima and the Tauega sima; second 
south of the Strait of Colnet in v the Linschoten-group“ of 
Siehold (the Archipel Cccile of Captain Griigrin), which ex¬ 
tends as far as the parallel of 29°, the island of Suvase sima, 
the volcano island of Captain Belcher (lat. 29°39' and long. 
129° 41') rising, according toDe laKoche Ponci6, to a height 
of 2800 feet (855 met.) ; third, Basil Hall’s sulpluir island, 
the Tori-sima, or Bird Island, of the Japanese, the Lung- 
hoang-shan of Pfere Gaubil, in lat. 27° 51' and long. 128° 14', 
as fixed by Captain De la Roche Poucie in 1848. As this 
island is also called Iw6sima, care must be taken not to con¬ 
found it with its more northerly namesake in Van Diemen’s 
Straits. It has been admirably described by Captain Basil Hall. 
Between the parallel of 26° and 27° of latitude comes in suc¬ 
cession the group of the Lieu-thieu, or Loo-choo Islands, as 
the natives call them, of which Klaproth published a separate 
map in 1824, and more to the south-west the small Archi- 



the eastern Asiatic islands. Close to the east coast of Formosa 


(lat. 24°) a great volcanic eiuption in the sea was observed 
by Lieutenant Boyle in 1853 (Commodore Perry, Mxped. to 
Japan, vol. i, p. 500). Among the Bonin Islands (Buna- 
sima of the Japanese, lat. 26^° to 27f° and long. 142° 16') 
that called Peel’s Island has several craters abounding in 
sulphur and scorise, which do not appear to have been long 
extinct (Perry, i, pp. 200 and 209)• 


VI. Islands op Southern Asia. 

We comprehend under this division Formosa (Tayvan), 
the Philippines, the Sunda Islands and the Moluccas. Klap¬ 
roth first made us acquainted with the volcanoes of Formosa 
by information, extracted from Chinese sources, which are 
always so copious in their descriptions of nature.®* They 

** Compare Kaart van den Zuid-en Zuidweat^Kust van Japan door 
,P. Von Siebold, 1851. 

• Compare my Pragmena de Giologie et de CUmatoIogie Aaiatiquea, 
t. i, p. 82, which appeared immediately after my return from my 
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are four in number, and of these the Ghy-kang (Red Moun¬ 
tain), whose crater contains a hot-water lake, has experi¬ 
enced great igneous eniptions. The small Baschi Islands 
and the Babuyans, which so late as 1831, according to 
Meyen’s testimony, experienced a violent eruption of fire, 
connect Formosa with the Philippines, of which the smallest 
and most broken islands abound most in volcanoes- Leo¬ 
pold voii Buch enumerates nineteen lolly isolated conical 
mountains upon them, which in the country are called wZ- 
caneSy though probably some of them are closed trachytic 
domes. Dana is of opinion that in southern Luzon there 
are now only two active volcanoes,—that of Taal, which 
rises in the Laguna de Bongbong, with an encircling escarp¬ 
ment whicli incloses another lagoon (see page 243); and in 
the southern portion of the peninsula of Camarinos the vol¬ 
cano of Albay, or Mayon, which the natives call Tsaroe. 
Tlie latter, which is 3197 feet high, exj)evienced great erup¬ 
tions in the years 1800 and 1814. In the northern portion 
of Luzon granite and mic^-slate, and oven sedimentary 
formations together with coal are diffused.®® 

The tar-stretcliing grouj) of tlic Soolo (Solo) islands, which 
are fully 100 in number, and whicU connect Mindanao and 
Borneo, is partly volcanic, and partly intersected by coral- 
reefs. Isolated unopened, trachytic, cone-sbaj)ed peaks are 
indeed often called Vulcanes by the Spaniards. 

If we cai*efully examine all that lies to the south of the 
fifth degree of north latitude (to the south of the Philippines), 
between the meridians of the Nicobars and tlfe north-west 
of New Guinea, thus taking in the Sunda Islands, great and 

Siberian expedition, and the Aaie Cenirahj in which the opinion ex¬ 
pressed by Klaproth, and which I formerly adopted, respecting the- 
probability of the connection of the snowy nionutains of the Himalaya 
with the Chinese province of Yunan and with Nanling north westward 
of Canton, has been confuted by me. The mountains of f'ortnoBa, 
upwards of 11,000 feet high, a.s well as Ta-yu-ling which bounds. 
Fukian to the westward, belong to the system of meridian fissures in 
Upper Assam, in the country of the Burmese, and in the group of 
the Philippines. 

Dana’s Geology, in the Explor. Exped., vol. x, p. 540—546 ; Ernest 
Hofmann, Geogiu Beoh^ auf der Jteise von Otto v, Kotzebue, p. 70; L^op, 
da Buch, Description Physique des lies Canaries, pp. 436—439. See 
the large and admirable chart of the Islas Filipipas, by the Pilot Do^' 
Antonio Morati (Madrid, 1852), in two plates. 
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small^ and the Moluccas, we shall find as the result, given in 
the great work of Dr. Junghuhn, that “ in a circle of islands 
which surround the almost continental Borneo, there are 
109 lofty fire-emitting mountains, and 10 mud-volcanoes.” 
This is nut merely an approximate calculation, hut an actual 
enumeration. 

Borneo, the Giava Jila^cjioi'e of Marco Polo,®^ has liitherto 
furnished us with no certain proofs of the existence of any 
active volcano upon it ] but, indeed, it is only a few narrow 
strips of the shore that we are acquainted with (on the 
north-west side as far as the small coast-island of Labuan, 
and as far as Cane Balambangaii; on the west coast at 
the mouth of the Pontianak \ aJid on the south-eastern 
point in the district of Baiijerinas-Sing, on account of the 
gold, diamond and platinum washings)! It is not even be¬ 
lieved that the highest mountain of tlie whole isldnd, and 
perhaps even of tlie whole South Asiatic islarul-world, the 
double-peaked Kina Bailu at the northern extremity, dis¬ 
tant only thirty-two geographical miles from the Pirate- 
coasts, is a volcano. Captain Belcher makes it 13,695 feet 
high, which is nearly 4000 foot Inghor tlian tlie Gunung 
Pasaman (Ophir) of Sumatra.®** On the othiT hand, Rajah 

Marco Polo distinguishes (Part iii, cap. 5 and S) Giava Minoi-e 
(Sumatra), where he remained for five montha, and where he dcBcribos 
the elephants, which were not to be found in Java itself (Humboldt, 
Examm, (Jnt, de VHist. de la Qiovfj.^ t. ii, p. 218), from what he had 
before described as Giava (Maggiore), la qiialey seeondo dicono i mari- 
nai, che be7ic lo sannOt d I’inola piu ijravdc chc sia al mondo^ —(which 
as the sailors say, who know it well, is the largest island in the world. 
This assertion is even to this day true. From the outlines of the chart 
of Borneo and Celebes by James Brooke and Captain Rodney Mundy, 
I find the area of Borneo 51,680 square geograjhical miles, nearly 
equal to that of the island of New Guinea, but only one-tenth of the 
continent of New Holland. Marco Polo’s account of the great quantity 
of gold and treasure which the “Mercanti di Zaiton e del Mangi" ex¬ 
ported from thence, shows that by Giava Maggiore ho meant Borneo, 
(as did also Martin Behaim on the Nuinberg globe of 1492, and Johann 
Ruysch in the Roman edition of Ptolemy, dated 1508, which is so 
important for the history of the discovery of America). 

Captain Mundy's chart (coast of Borneo Proper, 1847,) gives, it is 
true, 14,000 English feet. See a doubt of this datum in Jungluihn’s 
Java, Bd. ii, s. 580. The colossal Kina Bailu is*not a conical moun¬ 
tain. In shape it much more resembles the basaltic mountains which 
ocour under all latitudes, and which form a long ridge with two 
jbemiual summits. 
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Brooke mentions a mncli lower mountain in the province of 
Sarawak, whose name, Gunung Api (i'ire Mountain in the 
Malay tongue) as well as the scorioe which lie around it, 
lead to the conclusion that it was once volcanically active. 
Large deposits of gold-sand between quartz-veins, the abun¬ 
dance of tin washed down on both shores of the rivers, and 
the fcldspatliic porphyry®® of the Carambo Mountains, indi¬ 
cate a great extension of what are called primitive and 
transition rocks. According to the only certain informatioh 
which we possess from a geologist (Dr. Lxidwig Homer, 
son of the meritorious Zurich astronomer and circumnavi¬ 
gator of the globe), there are found in the south-eastern 
portion of Borneo united in several profitably worked wash- 
ings, precisely as in the Siberian Ural, gold, diamonds, plati¬ 
num, osmium, and iridium (but not yet palladium). Forma¬ 
tions of serpentine, euphotide, and syenite, lying in great 
jiroximity, belong to a range of rocks 3411 feet high, that 
of the Ratuhs Mountains.^® 

The still active volcanoes on the regaining three great 
, Sunda Islands are reckoned by Junghuhii as follows :—On 
Sumatra from six to seven, on Java from twenty to twenty- 
three, on Celebes eleven, and on Flores six. Of the vol¬ 
canoes of the island of Java we have already (see above 

{ )age 298) treated in detail. In Sumatra, which has not 
litherto been completely investigated, out of nineteen con¬ 
ical mountains of volcanic appearance there are six still 
active."'^ Those ascertained to be so are the following :— 
The Gunung Indi*apura, about 12,256 feet in height, accord¬ 
ing to angles of altitude measured from the sea, and pro¬ 
bably of equal height with the more accurately measured 
Semeru or Maha-Meru on Java;—the Gunung Pasaman, 
called also Ophir (9602 feet), with a nearly extinguished 
crater, ascended by Dr. L. Homer ;—the sulphureous Gun¬ 
ung Salasi, with emptions of ashes in 1833 and 1845;— 
the Gunung Merapi (9751 feet), also ascended by Dr. L. 
Homer, accompanied by Dr, Korthal, in the year 1834, the 

Brooke’s Borneo and Celebes, vol. ii, pp. 382, 384, and 386, 

^ Horner, in the Verkandelingen van het Bataviaasch Oervootschfaijis 
van Knnsten en Wetenscliajppen, Deel xvii (1839), s. 284 ; Asie CentrdUf 
t. iii, pp, 634—537. 

Junghulm, Java, Bd. ii, b. 809; {Battaldudevt Bd. a. 89). 
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most active of all tlie volcanoes of Sumatra, and not to bo 
confounded with the two similarly named mountains of 
Java—the Gunung Ipu, a smoking truncated cone ;—and 
the Gunung Dempo, in the inland country of Benkula, 
reckoned at 9940 feet high. 

Four islets forming trachytic cones, of which the Pic Eecata 
and Panahitam (Prince’s Island) are the highest, rise abo-ve 
the sea in the Strait of Sunda, and connect the volcanic range 
of Sumatra with the crowded field of Java, and in like man¬ 
ner the eastern extremity of Java, with its volcano of Idjen, 
forms, through the medium of the active volcanoes Gunung 
Batur and Gunung Agung on the neighbouring island of 
Bali, a connection with the long chain of the ampler Sunda 
Islands. Here again the range is continued eastward from 
Bali, by the smoking volcano of Rindjani on the island of 
Lombok, 12,363 foot high, according to the trigonometrical 
measurement of M. Melville de Carnb6e;—by tlie Temboro 
(5862 feet) on the Sumbavu, or Sambava, whose eruption of 
ashes and pumice in April, 1815, obscured the surrounding 
atmosphere, and was one of the greatest which history has 
recorded;’®—and by six conical mountains still partially 
smoking, on Flores. 

The large and many armed island of Celebes contains six>. 
volcanoes, which are not yet all extinct; they lie all together 
on the narrow north-eastern peninsula of Mcnado. Beside 
it spout out streams of hot melted sulphur, into the orifice 
of one of which, near the road from Sonder to Lamovang, a 
great traveller and intrepid observer. Count Carlo Vidua, 
my Piedmontese friend, sank and met his death from the 
bums he received. As the small island of Banda in the 
Moluccas consists of the volcano of Guning Aj)i, which was 
active from 1586 to 1824, and is about 1812 feet high, in 
the same way the larger island of Temate is likewise formed 
by a single conical mountain, 5756 feet high, the Gunung 
Gama Lamn, whose violent eruptions from 1838 to 1849, 
after more than a century and a half of tntire quiescence are 
described at ten different periods. During the eruption of 
the 3rd Febmary, 1840, according to Jtinghuhn, a stream of 
lava poured out of a fissure near the fort of Toluko, and 

See page 300, note 86. 7® Java, Bd. ii, s. 818—828. 
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flowed down to the shore,*'* “ partly issuing in the form of 
a connected and thoroughly molten stream, and partly 
consisting of glowing fragments which rolled down and were 
forced along the i)lain by the weight of the succeeding 
masses.” If to the more important volcanic cones here in¬ 
dividually mentioned we add the numerous small island vol¬ 
canoes which cannot he here noticed, the total number of 
the igneous mountains situated to the southward of the 
parallel of Cape Serangami on Mindanao, one of the Philip¬ 
pines, and between the meridians of the north-west Cajje of 
New Guinea oii the east and of the Nicobar and Andaman 
groups'on the west, amounts, as has been already stated, to 
the large number of 109.’® 'Phis calculation is made in the 
belief that on Java forty-five volcanoes, for the most part 
cone-shaped, and jirovided with craters, may he counted.” 
Of these, however, only 21, and only from 42 to 45, 
of the whole number of 109, are I'ccognized as now active, 
or as having been so, at any j)eTiod within the reach of 
history. The miglity Pic of Timor formerly served like 
Stromboli as a light-house to mai iners. On the small island 
of Pulii Batu (called also P. Komha), a little to the north 
of Floris, a volcano was seen in 1850 to pour a stream of 
glowing lava down to the sea-shore. The same thing was 
jjbscrved in 1812, and again in th^ spring of 1856, in 
respect to the Pic on the greater Sangir Island, between 
Magindauao and Celebes. Junghuhn doubts whether the 
famous conical mountain of Vavani or Ateti, on Amboina, 
ejected anything more than hot mud in 1674,'•and considers 
the island at present as only a solfatara. Tlie great group 
of t^^e South Asiatic Islands is connected by the division of 
the Western Snnda Islands with the Nicobar and Andaman, 
IslOs of the Indian Ocean, and by the division of the Mo¬ 
luccas and Pliilippines with the Papuas, the Pellew Islands 
and Carolinas of the South Sea. We shall first, however, 
proceed with the less numerous and more dispersed groups 
of the Indian Ocean. 

VII. The Indian Ocean. 

This comprehends the space between the west coast of 
Junghuhn’e Java, vol. ii, pp. 840—842. '* Ibid, p. 853. , 
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the peninsula of Malacca, or of the Birman country to the 
east coast of Africa, thus inclosing in its northern division 
the Bay of Bengal and the Arabian and Ked Seas. We 
pursue the chain of volcanic activity in ^he Indian Ocean in 
the diri‘ction from nortli-east to south-west. 

Barren Island, in the Bay of Bengal, a little to the east 
of the gi'eat -Andaman Island (lat. 12"^ 15'), is cori'octly con¬ 
sidered an active cone of eruption, issuing out of a crater of 
upheaval. The sea forces its way through a narrow opening 
and fills an internal basin. The ap]»eHraiice presented by 
this island, which was discovered by Horsburgh in 1791, is 
exceedingly instructive for the theoiy of the formation of 
volcanic structures. We see here in a comj)lete and per¬ 
manent form what nature exhibits in only a cursory way at 
Santorin, and at other ])oints of the eartli’s surface.*^® The 
eruptions in November 1803 wei*e, like those of Sangay in 
the Cordilleras of Quito, very distinctly periodical, recurring 
at intervals of ten minutes (Loop, von Buch in the Abhandl. 
der £erl. Almdvmie^ 1818—1819, s. 62). 

The island of Narcondam, to the north of Barren Island, 
has likewise exhibited volcanic action at a former period, as 
has also the conc-mountain of tlie island of Cheduba, which 
lies more to the nor-th, near the slioro of Arracan (10° 52'), 
(Silliman’s Ahicrican^Journal, vol, xxxviii, p, 385), 

The most active volcano, Judging fj'om tlie frequency of 
the lava-eruptions, not only in the Indian Ocean but in 
almost the whole of the south hemisphere between the meri¬ 
dians of the west coast of New Holland and the cast coast 
of America, is that on the island of Bourbon in the group 
of the Mascareignes. The greater part of the island, parti¬ 
cularly the western poi^tion and the interior, is basaltic, 
Recent veins of basalt, with little admixtui’e of olivine, run 
through the older rock, which abounds in olivine; beds of 
lignite are also enclosed in the basalt. The culminating 
points of the Mountain Island are the Chros Norm and the 
Trois SalazeSf the height of v'hich La Caille over-estimated 
at 10,658. The volcanic action is now limited to the sopthem- 
most portion, the Grand pays brule.” The summit of the 

Leop. V. Buch, in the AlhandL der AJead. der Wiss, zu Berlin, 
1818 and 1819, a. 62; Lyell, Princ. of Geology, (1863), p. 447, whero a 
fine repreaeutatiou of the volcano is given. 
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volcano of Bourbon, -which Hubert describes as' emitting, 
nearly every year, two streams of lava which frequently ex¬ 
tend to the sea, is, according to Berth’s measurement, 8000 
feet high.” It exhibits several cones of eruption which have 
received distinct names, and which alternately send forth 
eruptions. The eruptions from the summit ai*e infrequent. 
The lavas contain glassy feld-spar, and are therefore'rather 
trachytic than basaltic. The shower of ashes frequently con¬ 
tains olivine in long, fine threads, a phenomenon which like¬ 
wise occurs at the volcano of Owhyhee. A violent eruption 
of these glassy threads, covering the whole island of Bour¬ 
bon, occurred in the year 1821. 

All that we know of the great neighbouring terra incog¬ 
nita of Madagascar is the extensive dispersion of pumice at 
Tintinguc, opposite the French island of St. Marie, and the 
occurrence of basalt, to the south of the bay of Diego Suarez, 
near the northernmost Cap d’Ambre, surrounded by granite 
and gneiss. The southern central-ridge of the Ambohist- 
'mene Mountains is calculated (though with little certainty) 
at about 11,000 feet. Westward of Madagascar, in the 
northern outlet of the Mozambique Channel, the largest 
of the Comoro Islands has a burning volcano (Darwin, 
Coral Berfs, p. 122). 

The small volcanic island of St. Paul (38° 38'), south of 
Amsterdam, is considered volcanic, not only on account of 
its form, which strongly reminds one of that of Santorin, 
Barren Island, and Deception Island, in the group of the 
New Shetland Isles, but likewise on account of the repeat¬ 
edly observed eruptions of fire and vapour in modern times. 
The very characteristic drawing given by VSlentyn in his 
work on the Banda Islands, relative to the expedition of 
Willem de Vlaming (November 1G96) corresponds exactly, 
as do also the statements of the latitudes, with the repre¬ 
sentations in the atlas of INIacartney’s expedition, and .Cap¬ 
tain Blackwood’s survey (1842). The crater shaped, circular 
bay, nearly an English mile across, is everywhere surrounded 
by precipitate rocks which fall per})endicularly in the in¬ 
terior, with the exception of a narrow opening, through 
which the sea enters at flood-tide; while those which form 

77 Bory de St. Vincent, Voyage cmx Quatre Met i'AfriaWt t. ii, 
p. 420. 
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the margin of the crater fall aWay externally with a gentle 
slope.^* 

The island of Amsterdam which lies 50' of latitude farther 
towards the north (37° 48') consists, according to Valentyn’s 
representation, of a single, wcl]-wooded, somewhat rounded 
mountain, from the higlicst ridge of which rises a small 
cubical rock, almost the same as at the Cofre de Perole on 
the higher plains of Mexico. During the exjjcdition of D’En¬ 
trecasteaux (March 1792), the island was seen for two whole 
days entirely enveloped in flames and smoke. The smell of 
the smoke seemed to indicate the combustion of wood and 
earth; columns of vapour were, indeed, thought to rise here 
and there from the ground near the shore, but the natural¬ 
ists ‘who accompanied the expedition were decidedly of 
opinion that the mysterious jDhenometion could by no means 
be ascribed to an eruption of the high mountain, like that 

Valentyn, Benchryvimf van Ond en Nieuw Oost Inditii, Deel iii, 
(1726), p. 70 ; Utt Eyland Ht. Paxdo. (Compuro Lyell, Prhic. p. 446). • 

79 We were unable,” says D'Entrecasteaux, to form any conjecture 
as to the caiiBe of the burning on the island of Amsterdam. The 
island was in flames throughout its whole extent, and we recognized 
distinctly the smell of burnt wood and earth. We bad felt nothing to 
lead us to suppose that the fire was the olFect of a volcano” (t. i, 
p. 45). A few pages before, he says, “We remarked, however, aa we 
mailed along the coast, from which the flames were rather distant, 
little puflfs of smoke which seemed to come from the earth like jets ; 
yet we could not distinguish the least trace of fire around them, 
though wo were very close to the land. These jets of smoko which, 
appeared at intervals, were considered by the naturalists of the expedi¬ 
tion as certain proofs of subterranean fire. Arc we to conclude from 
this that there were actual combustions of earth,—conflagrations of 
lignite, the beds of which, covered with basalt and tufa, occur in such 
abundance on volcanic islands {as bourbon, Kerguclen-laiid, and Ice¬ 
land) ? The Surtarbrandy on the latter island, derives its name from 
the Scandinavian myth of the firc-giaut Surtr causing the conflagra¬ 
tion of the world. The combustion of earth, however, causes no flaino 
in general. As in modern times the names of the islands Amsterdam 
and St. Paul are unfortunately often confounded on chalets, I would 
here observe, in order to prevent mistakes in ascribing to one observa¬ 
tions which apply to the other, they being very different in formation 
though lying almost under one and the same meridian, that originally 
(aa early as the end of the 17th century) the south island was called 
St. Paul and the northern one Amsterdam. Vlaming, their discoverer, 

■ nasigned to the first tho latitude of 38‘’40', and to the second thatof 37*48' 
south of the equator. This corresponds in a remarkable manner with 
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.of a volcano. More certain evidences of former genuine 
voleanic action on the island of Amsterdam may be found in 

the calculation made by D’Entrecasteaux a century later on the occa¬ 
sion of the expedition in search of I^a P^rouse ( Voyage, t. i, p. 43 —46), 
namely, for Amsterdam, according to Beautemps Beauprd, 37®47'46''^ 
(long. 77® 7P), for St. Paul 38® 38'. This near coincidence must be con¬ 
sidered accidental, as the points of observation were certainly pot ex¬ 
actly the same. On the other hand Captain Blackwood in his Ad¬ 
miralty chart of 1842 gives 38® 44' and longitude 77° 37' for St. Paul- 
On the charts given in the oi’igiual editions of the voyages of the im¬ 
mortal circumnavigator Cook, those for instance of the first and second 
expedition {Voyage to the tiouth Pole and Round the World, London, 
1777, p. 1), aa well us of the third and last voyage [Voyage to the 
Pacific Ocea/a, published by the Admiralty, London, 1784, in 2nd edi¬ 
tion, 1785), and oven of all the three expeditions {A General Chart, 
exhibiting the Dm'ox'cries of Captain Cook in Ms Third and Two Pre^ 
ceding Voyages, by Ijieut. Henry llobcrts), the island of St. Paul is 
very correctly laid down as the most southernly of the two; but in 
the text of the voyage of D’Entrecasteaux (t. i, p. 44), it is mentioned 
by way of censure (whether with justice or not T am unable to say, 
although I have sought after the editions in the libraries of Paris, 
•Berlin, and Gottingen), “that on the special cliart of Cook’s last expe- 
ditiou the islaud of Amsterdam is set down as more to the south than 
St. Paul.” A similar reversal of the appellations, quite oppo.sed to 
the intention of the discoverer, Willem de Vlaiuiug, was frequent in 
the first third of the present century, aa for example on the older and 
excellent maps of the world by Arrowsmith and Purdy (1833), but 
there was more than a special chart of (look’s third voyage operating 
to cause it. There was, Ist, the arbitrary entry on the maps of Cox 
Mortimer; 2nd, the circumstance that, in the atlas of Lord Mac- 
artney's voyage to China, though the beautiful volcanic island repre¬ 
sented smoking is very correctly named 8t. Paul, under lat. 38“ 42' 
yet it is absurdly added, “commonly called Amsterdam,” and what 
is still worse, in the narrative of the voyage itself, Staunton land 
Dr. Gilldii uniformly called this “ island still in a stalfe of inflamma^ 
tion” Amsterdam, and, they even aiid (p. 226, after having given the 
correct latitude in p. 219) “ that St. Paul is lying to the northward of 
Amsterdam and 3rdly, there ia the same confusion of names by 
Barrow [Voyage to Cochin China in the Years 1792 and 1793, pp. 14Q-— 
167), who also gives the name of Amsterdam to the southern island, 
emitting smoke and flames, assigning to it at the same time the lati¬ 
tude 38° 42'. Malte Bruu [Precis de la Geographic Universelle, t, y, 
1817, p. 146), very properly blames Barrow, but he errs in also 
blaming, M. dc Rossel and Beautemps-Beaupre. Both of the latter 
writers give as the latitude of the island of Amsterdam, which is the 
only one they represent, 37° 4 7', and that of the island of St. Paul, 
because it lies 50' more to the south, 38° 38' ( Voy. de D'Entreca^treaMtae^ 
1808, t. 1, pp. 40—46), and to show that the design representa, the 
true island of Amsterdam, discovered by Willem de Vlaming, Beau- 



TRUE VOLCANOES. 


387 


the beds of piiriiice-stone {uiigehranden puimsteen), mention 
of which is made so early as by Valentyn, according to 
Vlaming’s Ship Journal of 1696. 

To the south-east of the Cape of Good Hope lie Marion’s, 
or Prince Edward’s Island (47"^ 2'), and Possession Island 
(lat. 46“ 28'and long. 51“ 56'), forming part of the Crozet 
group. Both of tlieni exhibit traces of former volcanic 
action,—small conical hills,®® with eruption-openings sur¬ 
rounded by columnar basalt. 

More eastward, and almost in the same latitude, we come 
to Kerguelen’s island (Cook’s Island of Desolation), for the 
first geological account of which we are indebted to the suc¬ 
cessful and important expedition of Sir James Rosa. In the 
harbour called by Cook Christmas Ilaibour (lat. 48“ 41', 
long. 69“ 2'), basaltic lavas, several feet thick, are found en¬ 
closing the fossil trunks of trees ; there <also is seen the sin¬ 
gular and ArchedRock^ a natui'al passage through 

a narrow projecting wall of basalt. In the neighbourhood 
are conical-mountains, the highest of which rise to 2664 feet, 
with extinct craters,— masses of green-stone and porphyry, 
traversed by beds of basalt,—and amygdalaid with drusy 
masstis of quartz at Cumberland Bay. Tlio most remarkable 
of all are the numerous beds of coal, covered with ti'ap-rock 
(dolcrite, as at Meissner in ne>ssian ?), of a thickness of 
from a few inches to four feet at the outcrop.®^ 

If we take a general survey of the Indian Ocean, we shall 
find the north-westerly extremity of the Sunda range in 
Sumatra, which is curved, carried on through the Nicobars 
and the Great and Little Andamans, while the volcanoes of 
Barren Island, Narcondam, and Cheduba, almost parallel 

temps-BeauprS adds in his atlas a copy of the thickly-wooded island 
of Amatenlam from Valentyn. I may hero observe that the cele¬ 
brated navigator, Abel Tasman having in 1(542, along with Middel- 
burg, called the island of Tonga-Tabu (lat. 21 jJ**) in the Tonga group, 
by the name of Amsterdam (Burney, Vhronolog, HiU, of fhe Voyages 
and Ducoveries hi the South Sea or Pacific Oceauj Part jii, pp. 81 and 
437); he hna also been sometimes erroneously cited as the discoverer 
of Amsterilam and St. Paul in the Indian Ocean. See Leidenfrost, 
Ifistor. IlandwoTtenhuch, Bd. v, s. 310. 

Sir James Iloss, Vogage in the Southern and Antarctic RegionSy 
vol. i, pp. 46, and 50—66, 
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to the coasts of Malacca and Tenasserim, run into the 
eastern portion of the Bay of Bengal. Along the shores of 
Orissa and Coromandel, the eastern portion of the bay is 
destitute of islands, the groat island of Ceylon bearing, like 
that of Madagascar, more of the character of a continent. 
Opposite the western shore of the Indian peninsula (the 
elevated plain of Neilghcny and the coasts of Canara and 
Malabar) a range of three archipelagos lying in a direction 
from north to south, and extending from 14° north to 8° 
south latitude (the Laccadives, the Maldives, and the Chagos) 
is connecter] by the .shallows of Sahia de Malha and Car- 
gados Carajos with the volc.auic group of the Mascareignes 

uscar. The whole of this chain, so far as can be 
seen, is the work of coral-polypes,—true Atolh, or lagoon- 
reefs ; in iiocordanco Avith T)arwin’.s ingenious conjecture 
that at this part a large extent of the floor of the ocean 
forms, not an area of upheaval, but an area of subsidence. 

VIII. The South Sea, or Pacific. 

If we compare that portion of the earth’s surface now 
covered Avith Avater with the aggregate area of the terra 
firma, (nearly^^ in the i^roportion of 2.7 to 1), Ave cannot but 
be astonished in a geological point of view at the small 
nfimhor of volciinoes Avhich still continue active in the 
oceanic region. The South Sea, the superficies of which is 
nearly ouc-sixth greater than that of the whole terra firma 
of our planet,— which in the equinoctial regio^i, from the 
arclupelago of Galapagos to the PelloAv Islands, is nearly 
two-tifths of the Avhole circumference of the earth in breadth^ 
—exhibits fcAver smoking volcanoes, fewer openings through 
which tho interior of the planet still continues in active 
comiuimion with its atmospheric envelope than does tho 
single island of Java. Mr. James Dana, the talented geo* 
legist of the great Amex’ican exploring expedition (1838— 
1842), under the command of Charles Wilkes, basing his 
views on his own personal investigations, aided by a careful 
comparison of all previous reliable observations, and espe- 

The result of Pi'of. Higaud's levelliugs at Oxford, accordiug to 
Halley's old method. See my Aiie Ceniredey t. i, p. 189. 
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cially by a compz’chensive examination of the different opi¬ 
nions on the forms, the distribution and the axial direction 
of the island groups, on the character of the different kinds of 
rocks, and the periods of the subsidence and upheaval of ex¬ 
tensive tracts of the floor of the ocean, has the indisputable 
merit of having shed a new light over the island-world of 
the South Sea. In availing myself of his work, as well as 
of the admirable writings of Charles Darwin, the geologist of 
Captain Fitzroy’s expo<lition (1832—183G), without always 

i )articulari 2 ing them, I trust that the high respect in which 
[ have for so jnany years held those gentlemen, will secure 
me from the chance of liaving my motives misinterpreted. 

It is my intention to avoid altogether the divisional terms 
of Polynesia, Micronesia, Melanesia, and Malaisia,®® which 
are not only cxti'emely arbitrary, but founded on totally 
different principles drawn from the number and size, or the 
complexion and descent of the inhabitants, and to com¬ 
mence the enumeration of the still active volcanoes of the 
South Sea with those whicli lie to the north of the equator, 
I shall afterwards proceed in the direction from east to 
west to the islands situated between the equator and the 
parallel of 30'^ south latitude. The numerous basaltic and 
trachytic islands, with tlieir countless craters, formerly at 
different times eruptive, must on no account be said to be 
indiscriminately scattered.®^ It is admitted with respect to 
the gi-eater number of them that their upheaval has taken 

** D'Urville, Foy. tie la Corvette VAstrolahe, 1826—1829, Atlas, pi. i. 
—Ist, Polynesia is considered to contain the ea-atcru portion of the 
South Sea (the Sandwich Islands, Tahiti, and the Tonga Archipelago; 
and also New Zealand); 2nd, Micronesia and Melanesia form the west¬ 
ern portion of the youth Sea; the former extends from Kauai, the 
weBternmost island of the Sandwich group, to near Japan and the 
'Philippines, and reaches south to the equator, comprehending the 
Marians (Ladroues), the Carolinas and the Pellew Islauds; 3rd, Me¬ 
lanesia, so called from its dark-haired inhabitants, bordering on the 
Mjjlaisia to the uoi-th-west, embraces the small archipelago of Viti, or 
' Feojee, the New Hebrides and Solomon’s Islands; likewise the larger 
islands of New Caledonia, New Britain, Now Ireland, and New 
Quinea. The terms Oceania and Polynesia, often so contradictory in 
a geographical point of view, are taken from Malte-Brun (1813) and 
from Lesson (1823). 

8^ <‘The epithet scatteredy as applied to the islands of the ocean (in 
the arrangement of the groups) conveys a very incorrect.idea of their 
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place on widely extended fissures and submarine motmtain- 
chains, which run in directions governed by fixed laws of 
region and grouping, and wliich, just as we see in the conti¬ 
nental mountain-chains of Central Asia, and of the Caucasus, 
belong to different systems; hut the circumstances which 
govern the area over wliich at any one particular time the 
openings are simultaneou>sly active, probably depend, from 
the extremely limited number of such openings, on entirely 
local disturbances to which the conducting fissures are sub¬ 
jected. The attempt to draw lines through three now 
simultaneously active volc mocs, whose respective distances 
amount to between 2400 and 3000 geogra]>hieal miles 
asunder, without any intervening cases of eniption (I refer 
to three volcanoes now in a state of ignition,—Mouna Loa, 
with Kilav^ea on its eastern declivity,—tlie cone-mountain 
of Tanna, in the now Hebrides ; and Assumption Island in 
the N^ortli Ladroiies), would afford us no information in re¬ 
gard to the general formation of volcanoes in the basin of 
the South Sea. The case is fjuite different if we limit our¬ 
selves to single groups of islands, and look back to remote, 
perhaps pre-historic, epochs when the numerous linearly 
arranged, though now extinct, craters of the Ladrones 
(Marian Islands), the New Hebrides and the Solomon’s 
Islands were active, but which certainly did not become 

po^sitions. There is a system in their arrangement as regular as in 
the mountain heights of a continent, and ranges of elevation are indi¬ 
cated, as grand and extensive as any continent presents.” Geology^ 
by J. Dana, United Staten Kr 2 '>lorivg Rf^tedifion, under command of 
Charles Wilkes, vol. x, (1849) p. 12. Dana calculates'that there are 
in the whole of the South Sea, exclusive of the small rock-islands, 
about 350 basaltic or trachytic and 290 coral islands. He divides 
them into twenty-fivo groups, of which nineteen in the centre 
have the direction of their axis N. SO*'—60“ W., and the remaining 
N. 20“—30“ E. It is particulai'ly remarkable that these numerous 
islands, with a few exceptions, such as the Sandwich Islands and N*eW 
Zealand, all lie between 23“ 2S' 'of north and south latitude, and that 
there is such an immense space devoid of islands eastward from the 
Sandwich and the Nukahiva groups as far as the American shores of 
Mexico and Peru, Dana likewise draws attention to a circumstance 
which forms a contrast to the insignificant number of the now active 
volcanoes, namely, that if, as is probable, the Coral Islands, when lying 
between entirely basaltic islands, have likewise a basaltic foundation, 
the number of submarine and subaerial volcanic openings may be esti¬ 
mated at mope than a thousand (pp. 17 and 24). 
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gradually extinguished in a direction either from south¬ 
east to north-west or from north to south. Though I 
here name only volcanic island-chains of the high seas, yet 
the Aleutes and other tine coastian islands are analogous' 
to them. General conclusions as to the direction of a cool¬ 
ing process are deceptive, as the state of the conducting 
medium must operate tcmpoi'arily upon it, according as it is 
open or interrupted. 

Mouna Loa, ascertained by the exact measurement®* of 
the American exploring expedition under Captain Wilkes 
to be 13,758 feet in height, and consequently 1600 feet 
higher than the Peak of Tenerifie, is the largest volcano of 
the South Sea I.slands, .and the only one that still remains 
really active in the whole volcanic archipelago of the Hawaii 
or Sandwich Islands. The summit-craters, the largest 
of which is nearly 13,000 feet in diameter, exhibit in 
their ordinary state a solid bottom, conqjosed of hardened 
lava and scorise, out of which rise small cones of eruption, 
exhaling vapour. Tlie summit openings are on the whole 
hot very active, though in June 1832 and in January 
1843, they emitted eruptions of several weeks’ duration, and 
even streams of lava of from 20 to 28 geographical miles in' 
length, extending to the foot of Mouna Kea. The fall (in¬ 
clination) of the perfectly connected flowing stream®* was 
chiefly 6'’, frequently 10°, 15'’, and even 25’’. The conforma/- 
tion of the Mouna Loa is very remarkable from the circum¬ 
stance of its having no cone of ashes, like the Peak of 
TenerifFe, Cotopaxi, and so many other volcanoes; it is 
likewise almost entirely deficient in pumice” though the 
blackish-grey, and more trachytic than basaltic, lavas of the 

^ See Cosmos, voL v,*p. 250, note 35. 

^ Dana, Oeolofjy of the U. St, Explor, Bttjx'd., pp. 208 and 210. 

Dana, pp. 193 and 201. The absence of cinder-cones is likewise 
very remarkable in those volcanoes of the Eifel which emit streams of 
lava, lioliable information, however, received by the Missionary Dib¬ 
ble from the mouths of eye-witnesses, proves that an eruption of ashes 
may notwithstanding occur from the summit-crater of Mouna Loa, for 
be was told that, during the war carried on by Kainehameha against 
the insurgents in the year 1789, an eruption of hot ashes, accompanied 
hy an earthquake, enveloped the surrounding country in the darkness 
of night (p. ] 83). On the volcanic glass threads (the hair of the god¬ 
dess Pele, who before she went to settle at Hawaii inhabited the now 
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summit abound iu felspar? The extraordinary fluidity of 
the lavas of Mouna 1 joa, whether issuing from the summit- 
crater (Mokua-weo-wco) or from the sea of lava (on the 
eastern declivity of the volcano, at a height of only 3969 feet 
above the sea), is testified by the glass threads, sometimes 
smooth and sometimes crisped or curled, which are dispersed 
by the wind all over the island. This hair fflass, which is 
likewise thrown out by the volcano of Bourbon, is called 
Pele's hair by the Hawaii an s, after the tutelary goddess of 
the country. 

Dana has ably demonstrated that Mouna Loa is not the 
central volcano of the Sandwich Islands, and that Kilauea is 
not a solfatara.®® The basin of Kilauea is 16,000 feet (about 
2-} geographical miles) across its long diameter, and 7460 
feet across its shorter one. The steaming, bubbling, and 
foaming mass which forms the true lava-pool does not,^ 
however, under ordinary circumstances, fill the whole of 
this cavity, but merely a space whose long diameter mea¬ 
sures 14,000 feet and its breadth 5000 feet. The descent to 
the edge of the crater is graduated. This great phenomenon 
produces a wonderful impression of silence and solemn re¬ 
pose. The approach of an erujition is not here indicated 
by earthquakes or subterranean noises, but merely by a 
sudden rising and falling of the surface of the lava, some¬ 
times to the extent of from 300 or 400 feet up to the 
complete filling of the whole basin. If, disregarding the 
immense difference in size, we were to compare the gigantic 
basin of Kilauea with the small side-craters, (first described 
by Spallanzani), on the declivity of Stromboli at four-fifths 
of the height of the mountaiu, the summit of which has 

extinct volcano of Hale-a-Kala—or the House of the Sun—on the island 
of Mani). See pp. 179 and 199—200. 

Dana» p. 205. “The term t^alfatara is wholly misapplied. A 
flolfatara is an area with steaming fisenies and escaping sulphur vapourSj^ 
and without proper lava ejections; while Kilauea is a vast crater with 
extensive lava ejections and no sulphur, except that of the sulphur 
banks, beyond what necessarily accoinj)anie3, as at Vesuvius, violent 
volcanic action,*' The structural frame of Kilauea, the mass of the 
great lava-basin, consists also, nut of beds of ashes or fragmentary 
rocks, but of horizontal layers of lava, arranged like lime-stone. Dana^ 
p. 193. (Compare Strzelecki, Phyt. Deacr. of New South Wales^ 1846, 
p. 106—111). 
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no opening—that is to say, with basins of boiling lava of 
from 30 to 200 feet in diameter only—we must not forget 
- that the fiery gulfs on the slope of Stromboli throw out 
ashes to a great height, and even pour out lava. Though 
the great lava-lake of Kilauea (the lower and secondary 
crater of the active volcano of IMouna Loa) sometimes 
threatens to overflow its margin, yet it never actually runs 
over so as to produce tioic streams of lava. These occur by 
currents from below, through subterranean channels, and 
the formation of new evuj)tivc-openings at a distance of 
from 16 to 20 geographical miles, consequently at points 
very much lower than the basin. After these eruptions, 
occasioned by the pressure of the immense mass of lava 
in the basin of ICilauea, tlie fluid surface sinks in the 
basin.®® 

Of the two other high mountains of Hawaii, Mouna Lea 
and Mouna Hualalai, the former is, according to Captain 
Wilkes, 190 feet higher than Mouna Loa, It is a conical 
mountain on Avhosc summit there no longer exists any 
terminal-crater, but only long extinct mounds of scorise, 
Mouna Hualalai* is fully 10,000 feet liigh, and is still burn¬ 
ing. In the year 1801 an eruption took place, during which 
the lava reached the sea on the western side. It is to 
the three colossal mountains of Loa, Kea and Hualalai, 
which rose from the bottom of the sea, that the island of 
Hawaii owes its origin. In the accounts given of the nume¬ 
rous ascents of Mouna Loa, among which that of the expedi- 

This remarkable sinking of the surface of the lava is confirmed 
hy the relations of numerous voyagers, from klllis, Stewart, and Doug¬ 
las to the meritorious Count Strzelecki, Wilkes’s expedition and the 
remarkably observant Miasion.iry Coan. During the great eruption of 
June, 1840, the connection of the rise of the lava in the Kilauea with 
the sudden inflammation of the crater of Arare, situated so far below 
it, was most decidedly shown. The disappearance of the lava poured 
forth from Arare, its renewed subterranean course, and final re-ap¬ 
pearance in greater cpiantity, do not (j^uite admit of an absolute con¬ 
clusion as to identity because numerous lava-yielding longitudinal 
fissures opened simultaneously below the lino of the floor of the 
Kilauea basin. It is likewise very worthy of observation, as bearing 
on the internal constitution of this singular volcano of Hawahi, that 
in June, 1832, both craters, that of the summit and that of Kilauea, 
poured out and occasioned streams of lava, so that they vv ere simul¬ 
taneously active. (Compare Dana, pp. 184, 188, 193, and 196). 
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tion of Captain Wilkes was based on investigations of twenty- 
eight days’ duration, mention is made of falls of snow with a 
degree of cold from 23 to 17^ F. above zero, and of single 
patches of snow, which could be distinguished witli the aid 
of the telescope at the summit of the volcano, but nothing 
is ever said of perpetual snow.^ I have already observed in 
a former part of this work that the Mouna Loa (13,758 feet) 
aend the Mouna Kea (13,950 feet) are respectively more than 
1000 and 821 feet lower than the lowest limit of perpetual 
show as found by me in the contiiuMital mountains of Mexico 
under 19^^ latitude. On a small island the line of perpetual 
snow should lie somewhat lower, on account of the less ele¬ 
vated temperature of the lower strata of air in the hottest 
season of the tropical zone, and on account of the greater 
quantity of water held in solution in the upper atmosphere. 

The volcanoes of Tafoa'^ and Amargnra'*' in the Tonga- 
group arc both active?, and tlie lattei’ liad a considei*able 
eruption of lava on the 9th of July 1847.®^ It is extremely 
remarkable and is in entire accordance with the stories of 
the coral animals avoiding the shores of volcanoes either 
at the time or shortly l)et()rc in a state of ignition, that the 
Tonga islands of Tafba and the cone of Kao, which abound 
in coral-reefs arc entirely destitute of those creatures.®* 

Next follow the volcanoes of Tamia* and Ambrym,* the 
Ififtter westward of Mallicollo in the archipelago of the New 
Hebrides. The volcano of Tanna, first described by Rein¬ 
hold Forster, was found in a full state of eruption on Cook’s 
discovery of the island in 1774. It has since Trained con¬ 
stantly active. Its height being only 458 feet, it is one of 
the lowest fire-emitting cones, along with the volcano of 
Mendana, hereaftec to be noticed, and the Japanese volcano 
of Kosima. There is a great quantity of pumice on Mall¬ 
icollo. 

Matthew’s Rock ; * a very small smoking rock-island^ 
a^bout 1183 feet high, the eruption of which was observed 

^ Wilkee, pp. 114, 140, and 157; Dana, p. 221. Prom the per¬ 
petual transmutation of the r and the f, Mauna Loa is often written 
Roa, and Kilauea, Kirauca. 

Dana, pp. 25 and 138. 

Dana, Geology of the IT, States Exploring Exped,, p. 138'. (See 
Darwin, Structure of Coral Reefs, p. 60), 
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D’Urville in January 1828. It lies eastward of the 
southern point of New Caledonia. 

The volcano of Tinalcoro"'*' in the group of Vanikoro or 
Santa Cruz. 

In the same archipelago of Santa Cruz, fully 80 gco- 
.graphical miles NN.W. of Tinakoro, the volcano* seen by 
Mendana so early as 1595, rises out of the sea to a height of 
about 213 feet (lat. 10° 23' S.). Its eruptions have some¬ 
times been periodical, occurring every ten minutes, and at 
other times, as on the occasion of the expedition of D’Entre- 
casteatix, the crater itself and the column of vapour were 
undistiuguishable from each otlier. 

In the Solouion’s-group the volcano of the island of 
Sosar<xa‘^' is in u state of ignition. On the coast of Guadal- 
cafiar, in this neiglibourhoo<I, and therefore also at the 
south-east end of the long n-angc of islands towards the 
Vanikoro or Santa Cruz group, volcanic eruptive action 
has likewise been observed. 

In the Ladrones, or Marian Islands, at the north end of 
the range, which seems to have been iiphcavcd from a meri¬ 
dian hssure, Guguan,* Pagon,‘'“' and the Folcan grande of 
Asuncion arc said to bo still in a state of activity. 

The direction of the coasts of the small continent of New 
Holland, and paiticularly the deviation from that direction ■ 
seen in the east coast in 2/)"’ south latitude (between Cape Her- 
vey and Moreton Bay), seem to be reflected in the zone of the 
neighbouring eastern islands. The great southern island of 
New Zealand, and the Kormadcc and Tonga groups stretch 
from the south-west to the north-east, while, on the other 
hand, the northern portion of the north island of New Zea¬ 
land (from the Bay of Plenty to Cape Oton), New Caledonia 
and New Guinea, the New Hebrides, the Solomon’s Isles, 
New Ireland and New Britain run in a dii-ection from south¬ 
east to north-west, chiefly N. 48° W. Leopold von Buch** 
first drew attention to this relation between continental 
masses and neighbouring islands in the Greek Archipelago 
and the Australian Coral Sea. The islands of the latter sea, 
too, are not deficient, as both Forster (Cook’s companion) and 
La Billardifire formerly observed, in granite and mica-slate^ 

** lidop. von Buch, Description phys. des iles Canaries, 1836, pp. 393 
and 403—406. 
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the quartzose rocks formerly called primeval. Dana has like¬ 
wise collected them on the northern island of New Zealand^ 
to the west of Tipuna, in the Bay of Islands.®* 

Now Holland exhibits only on its southern extremity 
(Australia Felix), at the foot and to the south of the Gram¬ 
pian Mountains, fresh traces of former igneous action, for 
we learn from Dana that a number of volcanic cones and de¬ 
posits of lava are found to the north-west of Port Phillip,, 
as also in the direction of the Murray river (Dana, p. 453). 

On New Britain* there are at least three cones on the 
west coast, which have been observed within the hi.storical 
era, by Tasman, Dampier, Cartei'et and La Billardiere, in a 
state of ignition and throwing out lava. 

There ai'e two active volcanoes on New Guinea,* on the 
north-eastern coast, opposite New Britain and the Admiralty 
Islands, which abound in obsidian. 

In New Zealand, of which the geology of the north island 
at least, has been illustrated by the important work of Krnst 
'DiefFonhach, and the admirable investigations of Dana, ba¬ 
saltic and trachytic rocks at various points break through the 
generally diffused plutonic and sedimentary rocks. This ex¬ 
ample is the case in a very limited area near the Bay of Islands 
(lat. 35® 2'), where the ash-cones, crowned with extinct craters, 
Turoto and Poorua rise ; and again, more to the south-east, 
(l^etween and 391® lat.), where the volcanic floor runs 
quite across the centre of the noidili island, a distance of more 
than IGO geographical miles from north-east to south-west, 
from the Bay of Plenty on the cast to Cape Egmont on the 
west. This zone of volcanic action hero traverses, (as we 
have already seen it to do on a much larger scale in the Mexi¬ 
can Continent) in a diagonal fissure from north-east to south¬ 
west, the interior chaui of mountains which runs lengthwise 
in a north and south direction, and which seems to give its 
form to the whole island. On the ridge of this chain stand, 
as it were, at the points of intersection, the lofty cone of Ton- 
gariro'^' (6198 feet), whose crater is found on the top of tho 
ash-cone, Bidwill, and, somewhat more to the south, Buapahu 

^ See Dana, ibid. p. 438—446, and on the fresh traces of ancient vol¬ 
canic action in New Holland, ])p. 453 and 457 ; also on the many basal¬ 
tic columns in New South Wales and Van Diemen's Land, p. 495—510 ; 
and E. de Strzelecki, Phy$. Descr, of New South Waiei, p. 112, 
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(9006 feet). The north-east end of the zone is formed in 
the Bay of Plenty (lat. 38^), by a constantly smoking solfa- 
tara, the island-volcano of Puhia-i-wakati’*^®* (White Island). 
Next follow to the south-west, on the shore itself, the extinct 
volcano of Putawaki (Mount Edgecombe), 8838 feet high, 
probably the highest snowy mountain on New Zealand, and 
in the interior, between Mount Edgecombe and the still 
burning Tongariro,* which has poured fourth some streams 
of lava, a lengthened chain of lakes, partly consisting of 
boiling water. The lake of Taupo, which is surrounded by 
beautiful glistening leucite and saiiidine sand, as well as by 
mounds of pumice, is nearly 24 geographical miles long, and 
lies in the centre of the north island of New Zealand, at an 
elevation, according to Dicffenbach, of 1337 feet above the 
surface of the sea. The ground for two English square * 
miles round, is entirely covered with solfataras, vapour-holes, 
and thcnnal-springs, the latter of which form, as at the Gey¬ 
ser in Iceland, a variety of siliceous precipitates®**. West¬ 
ward of Tongariro,* tlu; chief seat of volcanic action, whose 
crater still ejects vaj^ours and pumice stone ashes, and at a dis¬ 
tance of only sixteen miles from the western shore, rises the 
volcano of Taranaki (Mount Egmont), 8838 feet high, which 
was first ascended ami measured by Dr. Ernst Dicffenbach in 
November, 1840, Tlie summit of the cone, which in its out¬ 
line more resembles Tolima than Cotopaxi, terminates in a 
plain, out of which rises a steep ash-conc. No traces of 
present activity, such as arc seen on the volcano of the White 
Island* and on Tongariro'^* are visible, nor any connected 
stream of lava. The substance composed of very thin scales, 
and having a ringing sound, which is seen projecting with 
sharp points like fish-bones, from among the scoriae, in the 
same manner as on one side of the Peak of Tencriffc, re¬ 
sembles porphyritic schist, or clink-stonc. 

A narrow, long-extended, uninterrupted accumulation of 
island-groups, erupted from north-western fissures, such as 

Eniest Dicffenbach, Travels in New Zcalandy 1843, vol. i, pp. 337, 
356 and 401. Dicffenbach calls White Island “a smoking BolfatJira, but 
still in volcanic activity” (pp, 35S and 407), and on the chart, " in con¬ 
tinue ignition.” 

Dana, pp. 446—448 ; Dicffenbach, vol. i, pp. 331; 339—311 and 397 
On Mount Egmont, bco toI. i, pp. 131—157. 
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New Caledonia and New Guinea, the New Hebrides ^nd 
Soloii\pn’s Island, Pitcairn, Tahiti and the Paumotu Islands, 
traverses the great Ocean in the Southern hemisphere in a 
direction from wovst to east, for a length of 5400 geographi¬ 
cal miles, between the parallels of latitude of 12^ and 27% 
from the mei'idian of the east coast of Australia as far as 
Easter Island, and the rock of Sala y Gomez. The western 
portions of this crowd of islands (New Britain*' the New 
Hebrides,Vanikoru* in the Archipelago of Santa Cruz, and 
the Toiiga-group'^% exhibit at the j)rcscut time in the midfile 
of the nineteenth century, inHaiumation and igneous action. 
New Caledonia, though surrounded by basaltic and other 
volcanic islands, has nevertheless nothing but Plutonic rock,®’* 
as is the case witli Santa Maria®® in the Azores, according to 
Leopold von Puch, and with Flores and Graciosa, according 
to Count Bedomar. It is Lo this absence of volcanic action 
in New Caledonia, where sedimentary formations with scams 
of coal have lately been discovered, that the gi cat develope- 
ment of living coral reefs on its sl)ores is ascribed. The Ar¬ 
chipelago of the Viti, or Feedjee Islands is at once basaltic 
and trachytic, though distinguished only by hot springs in 
the Savu Bay on Vanua Lobu.®® The Samoa group (Navi¬ 
gator’s Islands), north-east of the Feedjee Islands, and nearly 
north of the still active Tonga-archi])elago is likewise basal¬ 
tic, and is moreover characterised by a countless number 
of eruption-craters linearly arranged, which are surrounded 
by tufa-beds with pieces of coral baked into them. The Peak 
of Tafua,’on the island of Upolu, one of the Samoa-group, 
presents a remarkable degree of geognostic inter^t. It must 
not, liowever, be confounded with the still enkindled peak of 
Tafoa, south of Amargura in the Tonga-archipelago. The 
Peak of Tafua (2138 feet), which Dana first ascended and 
measured, has a large crater entirely filled with a thick forest, 

Darwin, Volcanic Islands, p. 125; Dana, p. 140. 

L. (le Buch, Desci\ des I. Can. p. 365. On the three islands here 
named, however, phonolito and basaltic rock are also found along with 
plutonic and sedimentary strata. But these rocks inky have nifide their 
Appearance above the surface of the sea on the first volcanic up-heaval 
of the island from the bed of the ocean. No traces arc said to have 
been found of fiery eruptions or of extinct craters. 

Dana, pp. 343—350. 

Dana, pp. 312, 318, 320 and 323. 
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and crowned by a regularly rounded ash-cone. Thei’c is here 
no trace of any stream of lava ; yet on the conical moun¬ 
tain of Apia (2576 foet), which is likewise on Upolu, as 
well as on the Peak of Fao (3197 feet) we meet with fields 
of scoriaceous lava (Malpais of the Spaniards), the surface 
of which is as it were crimped, and often twisted like a 
rope. The lava-fields of Apia contain narrow subterranean 
cavities. 

Tahiti, in the centre of the Society’s Islands, far more tra- 
chytic than basaltic, exhibits, strictly speaking, only the ruins 
of its former volcanic frame-work, and it is difficult to trace 
the original form of the volcano in those (monnous mas.ses 
looking like ramjjarts aiulchevaux-de-frise, with perpendicu¬ 
lar precipices of several thousand foet in depth. Of its two 
highest summits, Aorai and Orohona, the former was first 
ascended and investigated by that profound geologist Dana.* 
The trachytic mountain, Orohona, is said to equal Etna in 
height. Thus, next to the active groiip of the Sandwich 
Islands, Tahiti contains the highest rock of enijition in the 
vyholc range of the Ocean between the Continents of A me- 
rica and Asia. There is a felspathic I’ock on the small 
islands of Borabora and Maurua, near Tahiti, designated by 
late travellci's wdth the name of syenite, and by Ellis in his 
Polynesian researches described as a granitic aggregate of 
felsjjar and quartz, which, on account of the breaking out 
of porous, scoriaceous basalt in the immediiite neighbour¬ 
hood, merits a much more complete mincralogical investiga¬ 
tion. Extinct craters and lava-streams are not now to be 
met with on the Society’s Islands. The question occurs,— 
are the craters on the mountain tops destroyed,—or did the 
high and ancient structures, now riven and transforrned, con¬ 
tinue closed at the top like a dome, while the veins of basalt 
and trachyte poured immediately forth from fissures in the 
earth, as has probably been the case at many other points of 
the sea’s bottom ? Extremes of great viscidity or great 
fluidity in the matter poured out, as well as the varying 
width, or narrowness of the fissures through which the effu¬ 
sion takes place, modify the shapes of the self-forming vol- 

^ L^op. von Buch, p. 383 ; Danviii, Vole, IsL p. 25; DarwiH; Corat 
Reefs, p. 138; Dana, pp. 286—305 and 364. 
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canic mountain-strata, and where friction produces what is 
called ashes and fragmentary sub-division, give rise to small 
and for the most part transitory cones of ejection, whicli are 
not to he confounded with the great terminal cinder-cones of 
the permanent structural frames. 

Close by the Society’s Islands, in an easterly direction, are 
the Low Islands, or Paumotu. These are increly coral islands, 
with the remarkable exception of the small basaltic group 
of Gambler’s and Pitcairn’s Islands.- Volcanic rock, similar 
to the latter, is also found in tljo sanie ])arallel (between 25° 
and 27*^ south latitude). 12d0 gcooTapliical miles farther to 
the east, in the Easter Island (Waihu), and probably also 
240 miles farther east, in the rocks Hala y Gomez. On 
Waihu, whore the loftiest conical peaks are scarcely a thou¬ 
sand feet high, Caj)taiu Boechoy remarked a range of craters, 
none of which appeared, however, to be buniing. 

In the extreme cast towards the New Continent, the range 
of the South Sea Island terminates with one of the most 
active of all island groups, the Archipelago of Galapagos, 
composed of five great islands. Scarcely anywhere else, on 
a small space of barely 120 or 140 geographical miles in dia¬ 
meter, has such a countless number of conical mountains and 
extinct craters (the traces of formc*r counrumication between 
the interior of the earth and the atmos]^here), remained 
visible. Darwin calculates tlie nuixibcr of the craters at nearly 
two thousand. Wlicn that talented observer visited the 
Galapagos in the expedition of the Beagle,” under Captain 
Fitzroy, two of the craters were simultaneously in a state of 
igneous eruption. On all the islands, streams tof a very 
fluid lava may he seen which have forked off into different 
channels and have often run into the sea. Almost all are 
rich in angite and olivine ; some of which are more of a trachy- 
tic character, are said to contain albitc^ in large crystals. It 

* Dana, p. 137. 

* Darwin, Vole, Isl.j pp. 104, 110—112, and 114, When Darwin 
says so decidedly that there is no trachyte on the Galapagos, it is be¬ 
cause he limits the term trachyte to the common felspar, i.e. to or- 
thoklase, or Orthoklasc and sanidine (glassy felspar). The enigmati¬ 
cal fragments imbalccd in the lava of the small and entirely basaltio 
crater of James Island contain no quartz, although they apj>ear to rest 
on a plutonic rock (See above, p. 367 et seq). Several of the volcanic - 
cone-mountains on the Galapngo-s Islands, have at the orifice a narrow 
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would bo well, in the perfection to which mineralogical 
science is now brought, to institute inyestigations for the 
purpose of discovering whether oligoclasc is not contained in 
these porphyritic trachytes, as at Teucriffe, Poj>ocatepetl and 
Chimborazo, or else labradoritc, as at Etna and Stromboli. 
Pumice is entirely wanting on the Galapagos, as at Vesuvius, 
where although it may be present, iz is not produced, nor 
is hornblende anywhere mentioned to have been found 
in them; consequently the trachyte formation of Toluca, 
Orizaba, and some of the volcanoes of Java, from which Dr. 
Junghuhn has sent me some well-selected solid pieces of 
lava for examination by Gustav Rose, docs not prevail here. 
On the largest and most westerly island of the Galapagos 
group, Albemarle, the cone-mountains ax*e ranged in a line, 
and consequently on lissures. Their greatest height, however, 
reaches only to 4636 feet. The Western Bay, in which the 
Peak of Narborough, so violently inflamed in 1825, rises in 
the form of an island, is described by Leopold von Buch* as 
a crater of up-heaval, and compared to Santorino. Many 
margins of craters on the Galapagos arc formed of beds of 
tufa, which slope off in every direction. It is a very re¬ 
markable circumstance, seeming to indicate the simul¬ 
taneous operation of some great and wide-spread catas¬ 
trophe, that the margins of all the craters are disrupted or 
entirely destroyed towards the south. A part of what in 
the older descriptions is called tufa, consists of palagonite 
beds, exactly similar to those of Iceland and Italy, as Bun¬ 
sen has ascertained by an exact analysis of the tufas of 
Chatham Island.® This island, the most easterly of the 
whole group, and whose situation is fixed by careful astro¬ 
nomical observations by Captain Beechey, is, according ta 
my determination of the longitude of the city of Quito 
(78° 44^ 8'), and according to Acosta’s Mapa de la Nueva 
Granada of 1849, 536 geographical miles distant from tho 
Puntade S. Francisco. 

% 

cylindrical, annular addition, exactly like what I saw on Cotopaxi 
in some parts the ridge is surmounted by a wall or parapet perpen¬ 
dicular on hothsideB.*' Darwin, Vole, hi, p. 83. 

* L. von Buch, p. 376. 

* Bunsen, m Ijconhard's Jahrb, fur Mineralogies 1851, a. 866; alao 
in Poggend, Annaltn der Phytilc^ Bd. Ixxxiii, a. 223. 

VOL. V, ' 2d 
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IX. Mexico. 

The six Mexican Volcanoes, Tuxtla,*^" Orizaba, Popoca¬ 
tepetl,*" Toluca, Jorullo* and Colima,*' four of which have 
been in a state of igneous activity within the historical era, 
were cniimeratcd in a former place,® and described in their 
geognostically remarka'olu relative position. According to 
recent investigations by Gustav Pose, the formation of 
Chimborazo is repeated in the rock of Popocatepetl, or 
Great volcano of Mexico. This rock also consists of oligo- 
clase and augito. Even in the almost black beds of 
trachyte, reseTubling pitch-stone, the oligoclase is recognis¬ 
able in very small acute-angled crystals. To this same Chim¬ 
borazo and Teneriffe formation belongs the voh'ano of Co¬ 
lima, which lies far to the west, near the shore of the South 
Sea. I have not myself seen this volcano, but we arc indebted 
to Herr Picschel ^ (since the S])riijg of 1855) for a very 
instructive view of the diflFerent kinds of rocks collected by 

® See above, pp. 279—281. 

7 See Pieaehcl, Uehvr die Vulhane von Mexico, hi tlic Geitschrift fur 
allgein. Erdkimde, Bd. vi, 18.^(1, s. 8(> and 489—532. The assertion 
there made (p. 88) '‘that never mortal has ascended the steep summit 
of the Pico del Fraile,** that is to sjiy, the highest Peak of the Volcano 
of ^Toluca, has been confute<l by my baroineti ical measurement made 
upon that very summit, (which is, by the way, scarcely 10 feet in width,) 
on the 20th September, 1803, and published first in 1807, and again 
recently by Dr. Gumprecht in the same volume of the journal above 
referred to (p. 489). The dt)ubt raised on this point was the more sin* 
gular as it was from this very summit of the Pico del ^aile, whoso 
tower-like sides are certainly not very eiisy to climb, and at a height 
scarcely COO feeb less than that of Mont Blanc, that 1 struck off the 
masses of tracjhyte which are hollowed out by the lightning, and which 
are glazed on the inside like vitreous tubes. An essay was inserted so 
early as 1819 by Gilbert in volume lx of his Annalen der Pliysik, 
"(fl. 261) on the specimens placed by me in the Berlin Museum as woH 
as in several Parisian collections (see also AnnaLes de Chimie et de 
Physique, t. xix, 1822, p. 298). In some places the lightning has bored 
such regular cylindrical tubes (as much as 3 inches in length,) that they 
can be looked through from end to end, and in those cases the rock 
Burrounding the openings is likewise vitrified, I have also brought 
with me pieces of trachyte in my collections, in which the whole sur¬ 
face is vitrified without any tube-like perforation, as is the case at th^, 
little Ararat and at Mont Blanc. Herr Pieschel first ascended th& 
double-pejoked volcano of Colima^ in October, 1852, and reached ihe 
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him, as well as for his interesting geological notices on the 
volcanoes of the whole Mexican highlands, all of which he 
has personally visited. The volcano of Toluca, whose 
highest summit (the Pico del Prayle), though nan^ow and 
difficult to climb, I ascended on the 29th September, 1803, 
and found barometrically to be 15,1 GO feet high, has a totally 
different mineralogical composition from the still active Po¬ 
pocatepetl and the igneous mountain of Colima; this must 
not, however, he confounded witli another, still higher sum* 
mit, called the Snow-moimtain. The volcano of Toluca 
consists, like the Peak of Orizaba, the Puy de Chaumont in 
the Auvergne and ^gina, of a combination of oligoclaso 
and hornblende. From this brief sketch it will be seen, 
and it is well deserving of notice, that in tlie long range of 
volcanoes which extend from ocean to ocean*, there arc not 
two immediately sucoeoding each other which are of similar 
mineralogical coiniiusition. 

X. The North-western District,s of America 
(northward of the pai’allel of Pio Gila). 

In the section which treats of the vtilcanic action •on the 
eastern Asiatic Islanrls,® particular }iotice has been drawn 
to the bow-like curve in the ^dmection of the fissure of up¬ 
heaval from which the Aleutian Islands have risen, and 
which manifests an immediate connection between the 
Asiatic and American continents,—between the two volcanic 
peninsulas Kamtschatka and Aliaska. At this point is the 
outlet, or rather the northern boundary, of a mighty gulf 
of the Pacific Ocean, which from tlic 150 degrees of longi¬ 
tude embraced by it under the equator, narrows itself down 
between the terminal points of these two peninsulas to 37^ 

crater, from which lie then saw nothing but sulphuretted-hydrogen va- ^ 
pour rising in a cloud; but Sonueschmid, who vainly attempted to 
ascend Colima, in February, 1796, gives an account of an immense 
ejection of ashes in the year 1770. In the month of March 1795, on 
the other hand, red-hot scoriju were visibly thrown out in a column of 
fire at night.—“To the north-west of the volcano of Colima, a vol¬ 
canic branch-fissure runs along the shore of the South Sea, Extinct 
craters and ancient lava-streams are recognised in what are called the 
Yolcanoes of Ahuacatlan (on the road from Guadalaxara to San Bias) 
and Topic.” (Pieschel, ibid, p, 629). 

• See above, pp. 367—372. 


2 D 2 
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of longitude. On the American continent^ near the Sea¬ 
shore, a number of more or less active volcanoes has become 
known to mariners within the last seventy or eighty years, 
but this group lay hitherto as it were isolated, and uncon¬ 
nected with the volcanic range of the Mexican tropical 
region, or with the volcanoes which were believed to exist 
on the peninsula of California. If we include the range of 
extinct trachytic cones as intermediate links, we may be 
said to have obtained insight into their impoi’tant geo¬ 
logical connection over a gap of more than 28° of latitude, 
between Durango and the new Washington territory, north¬ 
ward of West Oregon. The study of the physical condi¬ 
tion of the earth owes this important step in advance to the 
scientifically well-prepared expeditions, which the govern¬ 
ment of the United States has fitted out for the discovery 
of the best road from the plains of the Mississippi to the 
shores of the South Sea. All the departments of natural 
history have derived advantage from those undertakings- 
Great tracts of country have been found, in the now ex¬ 
plored terra-incognita of this intermediate space, from very 
near thf Rocky Mountains on their eastern slope, to a great 
distance beyond their western descent, covered with evi¬ 
dences of extinct or still active volcanoes (as for instance 
in the Cascade Mountains). Thus, setting out from Now 
Zfealand and ascending first a long way to the north-west 
through New Guinea, the Sunda Islands, the Philippines 
and Eastern. Asia, to the Aleutians, and then descending 
towards the south through the north-Avestern, Mexicarf, 
the Central American, and South American territories to 
the terminating point of Chili, we find the entire circiiit 
the basin of the Pacific Ocean, throughoub an extent of 
26,400 geographical miles, surrounded by a range of recog¬ 
nisable memorials of volcanic action. Without entering 
into the details of exact geograjihical bearings and of the 
perfected nomenclature, a cosmical view such as this could 
never have been obtained, ^ 

Of the circuit of the great oceanic* basin here indicated 
(or, as there is but one united mass of Avatcr over the 

• The term “Grand Ocean/' used to designate the basin of tfie, 
South Sea by that learned geographer, my friend Coiitre-Amiral .do 
Reurieuf the editor of the IfUroduction Ilutoriqw au Voyage ' dt . 
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'whole earth, •we ought rather to say the circumference of the 
largest of those portions of it which penetrate between con¬ 
tinents) it remains for us now to describe the tract of country 
which extends from Rio Gila to Norton’s and Kotzebue’s 
Sounds. Analogies drawn in Europe from the Pyrenees or the 
Alpine chain, and in South America from the Cordilleras of 
the Andes, from South Chili to the fifth degree of north lati¬ 
tude in New Grenada, supported by fanciful delineations in 
maps, have propagated the erroneous opinion that the Mexi¬ 
can mountains, or at least their highest ridge, can be traced 
along like a wall, under the name of the Sierra Madre, from 
south-east to north-west. But though the mountainous 
part of Mexico is a mighty .swelling of the land running 
connectedly in the direction above .stated between two seas 
to the height of from 5000 to 7000 feet, yet on the 
top of this, in the same way as in the Caucasus and in 
Central Asia, still loftier ranges of mountains, running in 
partial and very various directions, rise to about 15,000 and 
17,800 feet. The arrangement of these partial groups, 
erupted from fissures not parallel to each other, is in its 
hearings for the most part independent of the ideal axis 
whicli may be drawn through the entire swell of the undu¬ 
lating flattened ridge. Thesb remarkable features in the 
formation of the soil give rise to a deception which is 
strengthened by the pictorial effect of the beautiful country. 
The colossal mountains covered with perpetual snow seem as it 
were, to rise out of a plain. The spectator confounds the 
ridge of the soft swelling land, the elevated plain, with the 
plain of the low lands, and it is only from the change 
of climate, the lowering of the temperature, under the same 
degree of latitude, that he is reminded of the height to 
which he has ascended. The fissure of upheaval, frequently 
"before mentioned, of the volcano of Anahuac (running in a 
direction from east to west between 19° and 19^° lat.) inter- 
eects'® the general axis of the swelling land almost at right 
angles. 

Marchand, confounds the whole with a part, and consequently leads 
to misapprehension. 

On the axes of the greatest elevations and of the volcanoes in 
,tho tropical zone of Mexico, see above pp. 279 and 319. Compare 
also £uai Pol. aur la Nouv.-Jisp, t. i, pp. 257—268, t. ii, p. 173; Vitvt 
qf Nature, p. 37. . , 
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The conformation here described of a considerable portion 
of the surface of the earth, which only began to be established 
by careful measurements since the year 1803, must not be 
confounded with tliose swellings of the soil which are met 
with enclosed between two mountain-chains which bound 
them as it were like walls, as in Bolivia at the Lake of 
Titicaca, and in Central Asia, between the Himalaya and 
Kucn-liin. The former of these, the South American eleva¬ 
tion, which at the same time forms the bottom of a valley^ 
is on an average according to Pentland, 12,847 feet above th^ 
level of the sea,— the latter, or Thibetian, according to 
Captain Henry Strachey, Joseph Hooker, and Thomaa 
Thomson, is upwards of 14,990. The wish expressed by 
me half a century since in my circumstantial Analyse de 
JCAtlas Geoqrajdiigue etPliysifjne dii JRoyanme de la Nouvelle- 
JEspagne (§ xiv), that my profile of the elevated plain be^ 
tween Mexico and Guimaxuato might he continued by 
measurements over Durango anti Chihuahua as fur as 
Santa Fe del Nuevo Mexico, is now completely realized* 
The length of way, reckoning only one-fourth for the inflec¬ 
tions, amounts to far moi^cthan 1200 geographical miles, and 
the characteristic feature of this so long unobserved con¬ 
figuration of the earth (the soft undulation of the S's^clling, 
and its breadth in a transverse section, amounting sometimeB 
to, 240 or 280 geographical miles) is manifested by the fact 
that the distance (from Mexico to Santa F6), comprising a 
difference of parallels of fully 10° 20' about the same as that 
from Stockholm to Florence, is travelled over in four- 
wheeled carriages, on the ridge of thtj table-land, without the- 
advantage of artificially prepared roads. The possibility 
of such a medium of intercourse was known to the Spaniai'da 
so early as the end of the KJtli century, when the Viceroys 
the Coiide de Monterey,planned the first settlements from 
Zacatecas. 

In confirmation of what has been stated in a general way 

_ * 

By Juan de Onaie, 1594. Memoir of a Toxirto Northern MeodcO' 

in 1846 and 1847 by Dr. Wislizeniis. On the influenco of the con¬ 
figuration of the soil (the wonderful extent of the table-land) on th& 
internal commerce and the intercourse of the tropical zone with thd- 
north, when once civic order, legal freedom and industry increase ii;^ 
these parts, see Eami Pol, t. iv., p. 38, and Dana, p. 612. 
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respecting the relative heights between the capital of Mexico 
and Sante F6 del Nuevo MexicOj I here insert the chief 
•<jlements of the barometrical levellings, which have been com¬ 
pleted from 1803 to 1847. I take them in the direction 
from north to soutli, so that the most northerly, placed at 
the top of the list, may correspond more readily with the 
bearings of our charts 

^ In this survey of the elevations of the soil between Mexico and 
Sante Fe del Nuevo Mexico, jib well as in the similar, but more im¬ 
perfect table which I have given in the Viev)s of Nature, p. 208, the 
letters Ws, Bt, and Ht, attached to the numerals, denote the names of 
, the observer. Thus, Ws stands for Dr. Wislizeuus, editor of the very 
instructive and scientific of a Tour to Northern Alexico, con¬ 

nected with CiA. lioniphan’s Expedition, in 1846 and 1847 (Washing¬ 
ton, 1848), Bt the Chief Counsellor of Mines, Burknrt, and Ht 
for myself. At the time when I was occupied from March 1803 
to February 1804 with the astronomical determinations of places 
in the tropical part of New Spain, «and ventured, Irom the materials I 
could discover and examine, to design a map of that country, of which 
my respected friend, Thomas Jefi’ersou, then President of the United 
States, <luring my reeideiico in Wiishiiigtyn, caused a cojiy to be made, 
there existed us yet in the interior of the country on the road to 
Santa F(5, no determinations of latitude north of Durango (lat. 24° 25'). 
According to the two iiianusci'ipt journals of the engineers Rivera, 
Laforaand Mascard, of the years 1724 and 1705, discovered by me in 
the archives of Mexico, and which (lontaincd directions of the com¬ 
pass and computed p.u'tial distances, a careful calculation showed for 
the important station of Santa Fd, according to Don Pedro do Rivera, 
lat. 36° 12' and long. 105° 52' 30''. (See my Allas Oeogr. et Phys. du, 
MexiquCf Tab. 0, and Jissat Pol. t. i, pp. 75—82). I took tlie precaution 
in the analysis of my ma[), to note this result as ji very uncertain one 
seeing that in the valuations of the distances as well as in the direc¬ 
tions of the compass, unconxjcted for the magnetic variation, and 
unaided by objects in treeless plains, destitute of huinon habitations, 
over an extent of more than 1200 geographical miles, all the errors 
cannot be compensated (t, i, pp. 127—131). It happens that the 

result here given, as coinpjired with the most recent astronomical 
observations, tuims out to be much more erroneous in the latitude 
than in the longitude,—being iu the former Jibout thirty-one and in 
the latter scarcely twenty-three minutes. I was likewi.se fortunate 
enough to determine, nearly correctly, the geographical position of the 
Lake Timpanogos, now generall}’’ called the Great Salt Dike, while the 
name of Timpanogos is now only aj)plicd to the river which falls into 
the little Utah-lako, a fresh water lake. In the language of the Utah 
Indians a river is called oy-wahhe^ and by contraction ogo alone ; tim~ 
pan means rock, so that Timpan-ogo signifies rock-river (Frdmont, 
Exped, 1845, p. 273). Buschmann explains the word timpa as 
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Santa Fe del Nuevo Mexico (lat. 35“ 41'), height 7047 
feet, W s. 

Albuquerque” (lat. 35“ 8'), height 4849 feet, "Ws. 

Paso del Norte” on the E,io Grande del Norte (lat. 29“ 48'), 
height 3790 feet, Ws. 

Chihuahua (lat. 28° 32'), 4638 feet, Ws. 

Cosiquiriachi, 6273 feet, Ws. 

Mapimi, in the. Bolson dc Mapimi (lat 25° 54'), 478 2 feet, 

Parras (lat. 25° 32'), 4986 feet, Ws. 

Saltillo (lat. 25^ 10'), 5240 foot, Ws. 

Durango (lat. 24^ 25'), 6849 feet, according to Oteiza. 

Fresnillo (lat. 23° 10'), 7244 feet, Bt. 

Zacatecas (lat, 22° 50'), 9012 feet, Bt. 

San Luis Potosi (lat. 22° 8'), 6090 foet, Bt. 

Aguas calicntcs (lat. 21° 53'), 6261 feet, Bt. 

derived from the Mexican tetl^ stone, while in pa he finds a substantive 
termination of the native North-Mexicaii languages; to ago he attri¬ 
butes the general significatiou of water; see his work ,—DleSpuren 
der Aztehiachen ^pravkc im nordlichcn. MexicOf a. 354—356 and 351 
Compare Expedition to the Valley of the Great F^alt Lalct of Utah, by 
Captain Howard Stansbnry, 1352, p. 300, and Humboldt, Views of 
Nature, p. 206. My map gives to the Montagues de Set gemme, some¬ 
what to tho east of the Laguna de Timpanogos, lat. 40° 7', long. Ill* 
48'30"; consequently my first conjecture differs 39 minutes in lati¬ 
tude, and 17 in longitude. The most recent determinations of the 
position of Santa tho Capital of New Mexico, with which I am 
acquainted, are lat, by Lieutenant Emory (1846) from numerous 
astronomical observations, lat. 35° 44' 6", and 2nd, by Gregg and 
Dr, Wislizenus (1848), perhaps in another locality, 35®*41' 6". The 
longitude, according to Emory, is 7** 4' 18", in time from Greenwich, 
and therefore 106° 5'in the equatorial circle ; according to Wislizenus, 
108° 22' from Paris (iVcw Mexico and California, by Emory, Docum. 
No. 41, p. 36 ; Wish p, 29). Most maps err in making the latitudes of 
places in tho neighbourhood of Santa V6 too far to the north. Tho 
height of the city of Santa E(5 above the level of the sea, according 
to Emory, is 6844, according to Wislizenus fully 7046 feet (mean 
tneasuremeiit 6950); it therefore resembles that of the Spliigen and 
Gotthard passes in the Swiss Alps. 

Tiie latitude of Albuquerque is taken from tho beautiful specitJ 
map entitled, Map of the Territory of New Mexico by Kern, 1851. 
Its height, according to Emory (p. 166), is 4749 feet; according toWis- 
lizenus (p. 122), 4858. , 

For the latitude of the Paso del Norte oomparo Wisliz. p. 126 
Mot. Tables 8—12, Aug. 1846. i,- 
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Xiagos (lat. 21° 20'), 6376 feet, Bt. 

Villa de Leon (lat. 21°“ 7'), 6134 feet, Bt. 

Silao, 5911 feet, Bt. 

Guanaxuato (lat. 21° 0' 15"), 6836 feet, Ht. 

Salamanca (lat. 20° 40°), 5762 feet, lit. 

Celaya (lat. 20° 38*), 6017 feet, Ht. 

Queretaro (lat. 20° 36' 39"), 6363 feet, Ht. 

San Jiian del Rio, in the State of Qiicretaro (lat. 20° 30'), 
6490 feet, Ht. 

Tula (lat. 19° 57'), 6733 feet, Ht. 

Pachuca, 8140 feet, Ht. 

Moran, near Real del Monte, 8511 feet, Ht. 

Huehuetoca, at the northern extremity of the great plain 
of Mexico (lat. 19° 48'), 7533 feet, Ht. 

Mexico (lat. 19° 25' 45"), 7469 feet, Ht. 

'Toluca (lat. 19° 16'), 8825 feet, Ht. 

Venta de Chaleo, at the south-eastern extremity of the 
great plain of Puebla, 7712 feet, Ht. 

San Francisco Ocotlan, at the western extremity of the 
great jdain of Puebla, 7680 feet, lit. 

Cholula, at the foot of the ancient graduated Pyramid 
(lat. 19° 2'), 6906 feet, Ht. 

La Puebla de los Angeles (lat. 19° 0' 15"), 7201 feet, Ht, 

(The village of las Vigas marks the eastern extremity of 
the elevated plain of Aiiahuac, lat. 19° 37'; the height of 
the village is 7814 feet, lit). 

Thus, though previous to the commencement of the 19th 
jcentury not a single altitude had been barometrically takeh 
in the whole of New Spain, tlic hypsometrical and in most 
eases also astronomical observations for thiity-two places in 
the direction from north to south, in a zone of nearly 16^° 
of latitude, between the town of Santa Fe and the capital 
of Mexico, have been accomplished. We thus see that the 
surface of the wide elevated plain of Mexico assumes an 
undulating form varying in the centre from 5850 to 7500 
feet in height. The lowest portion of the road from Parras 
to Albuquerque is even 1066 feet higher than the highest 
point of Vesuvius. 

The great, though gentle,*® swelling of the soil, whose 

** Compare Fr<5mont, Report of the Exploring Raped, in 1842, p. 60; 
Bana, Geology of the United States Expl. Exped. pp. 611—613; , and for 
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highest portion we have just surveyed, and which from 
south to north, from the troj^ical part to the parallels 
of 42° and 44°, so increases in extent from east to west 
that the Great Basin, westward of the great Salt Lake of 
the Mormons, has a diameter of upwards of 340 geograr 
phical miles, with a mean elevation of nearly 5800 feet, 
differs very considerably from the rnmpartdikc mountain- 
chains by which it is surmounted. Our knowledge of this 
configm'ation is one of the chief poinits of Fremont’s great 
hypsomctrical investigations in the years 1842 and 1844. 
This swelling of the soil belongs to a diflcrcnt epoch 
from that late upheaval whicli we call mountain-chains 
and systems of varied direction. At the point where, 
about 32° lat., the mountain-mass of Chihuahua, accord¬ 
ing to the ju'esent settlemtmt of tlui boundaries, enters the 
western territory of tlie United States (in the provinces 
taken from Mexico), it begins to bear the not very definite 
title of the Sierra Madre. A decided bifurcation,^® however, 
occurs in the neighbourhood of Albuquerque, and at this 
bifurcavtion the western chain still maintains the general 

South America, Alcidc D’Orbigny, Voy, dansVAnierlqncmcrid.Atla9f 
pL viii. de Geologic, sptende, fig. i. 

For this bifuT'cation and the correct denomination of the east 
and west chains see the largo special map of the To'vliory of New 
AfQ.T'tco, by Parke and Kern, 1851 ; Edwin JohnsuTfs A/a/> of Railroads, 
1854; John Bartlett's Map of the Roimdary Oomftiis.non, : JEk- 
plorations and Riiri'cya from (he Mitmiitiiippi to the Paeijiv in 1853 
<md 1854, vol. i, ]). 15; and, above all, the admirable aiidcomprolienBive 
work of Jules Marcou, Geologist of the Southern Pacific R. K. Survey, 
under the command of Lieutenant Whii>ple, entitled explicatif 

d'nne Carte geolog If]ue des Etafn Hoik et <Vun Profit geologique allant 
la valUe da Mississippi aux edtes deV Ocean PacifitiuCj ])j). 113—116; 
also in the Bulletin de la ^<oci6te geologiqnc de la France^ 2e S^rie, t. xii, 
p. 813. In the elongated valley elc).‘4e(l by the Sierra Madre, or Rocky 
Mountains, lat. 35“—38-1“, the separate groups of which the western 
chain of the Sierra Madre and the eaate'rn chain (jf the Rocky Moun¬ 
tains (Sierra de Sandia) consist bear diflPerent names. To the first chain 
belong, reckoning from south to nortli, the SieiTa de las Grullas, the 
S. de los Mimbres (Wislizcmis, pp. 22 and 54), Mount Taylor (lat. 36* 
15'),‘ the S. de Jeinez and the S. de San Juan ; in the ea.stern chain the 
Moro Peaks, or Sierra dc la Saiigre de Cristo, are distinguished from 
the Spanish Peaks (lat. 37° 32^ and the north westerly tending White 
Mountains, which close the elongated valley of Taos and Santii F4, Pro¬ 
fessor Julius Frdbel, whose examination of the volcanoes of Central 
America I have already noticed {Cosmos, above, p. 274), has with muuh 
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title of the Sierra Madre, while the eastern branch has re¬ 
ceived from lat. 10' forward (a little to the north of 
Santa F6) from American and English travellers the equally 
ill-chosen, but now universally acccj)ted title of the Rocky 
Mountains. The two chains form a lengthened valley, in. 
which Albuquerque, Santa Fc and Taos lie, and through 
which the Rio Grande del Norte flows. In lat. 38^*^ this 
valley is closed by a chain running east and west for the 
space of 88 geographical miles, while the rocky mountains 
extend undivided in a meridional direction as far as lat. 41°. 
In this intermediate space rise somewhat to the east the 
Spanish Peaks, Pike’s Peak (5800 feet), Avliich has been. 

ability elucidated the indefinite geographical appellation of Sierra 
Madre on the older maps, hut he ha.s at the same time^ in a treatise 
entitled RemarJea covtrihutl}**/ to the J*fipical Geography of the NortJi 
Ameriran Continent (9th Annual Report of the Snuthtioma/ti Inatitutlonf 
1865, pp. 272—281), given expression to a conjecture which, after 
having examined all the materials within niy reach, I am xinable tp* 
assent to, namely, that the Rocky Mountains aic not to bo regarded as 
a continuatuvii of the Mexican Mounlaiu range in the tropical zone of 
Anahuac. Uninterru})tefl mountain chaiuH, like those of the Apennines, 
the Swiss Jura, the Pyrtiiioca, and a great part of the German Alps, 
certainly do nut exist from the 19th to the 44th degrees of latitude. 
from Popocatepetl in Analuiae .is far as to the north of Fr^inont*a Peak 
in the Rocky Mountains, in the direction from SS E. to NN.W., but tho- 
immense swelling of the surface of the laud which goes on inci'easing 
in breadth towards the north and north-west, is continuous froip. 
tropical Mexico to Oregon, and on this swelling (or elevated plain)^ 
which is itself the great geognostic phenomenon, separate groups of 
mountains, running in often varying directions, rise over fissures which 
have been formed more recently and at dili'erent periods. These 
impoaed gn>upa of mountains, which, however, in the Rocky Mountains- 
ore for an extent of 8 degrees of latitude connected together almost like 
a rampart, and rendered visible to a great distance by conical moun¬ 
tains, chiefly trachytic, from 10,000 to 12,000 feet high, produce an 
impression on the mind of the tr.iveller which is only the more profound 
from the circumstance that the elevated plateau which stretches far 
and wide around him assumes in his eyes the appearance of a plain of 
the level country. Though in refiu-once to the Cordilleras of South 
America, a considerable jiart of which is known to me by personal 
inspection, wc speak of double and triple ranges (in fact the Spanish 
'expression las Cordilleras de los Andes refers to such a disposition and 
partition of the chain), we must not forget that even here the direc¬ 
tions of the separate ranges of mountain groups, whether in long ridges 
or in consecutive domes, are by no means parallel, either to one 
another, or to the direction of the entire swell of the laud. 
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beautifully delineated by Frfimont, James’ Peak (11,434 feet); 
and the three Park Mountains, aU of which enclose three 
deep valleys, the lateral walls of which rise up, along with 
the eastern Long’s Peak, or Big Iloj-n, to a height of 9060 
and 11,191 fcct.^^ On the eastern boundary, between 
Middle and ^s^orth Park, the mountain chain all at once 
changes its direction and mns from lat. 40}^ to 44° for a 
distance of about 260 geographical miles from south-east to 
north-west. In this intermediate space lie the south Pass 
(7490 feet), and the famoiis Wind River Mountains, so 
singularly sharp pointed, together with Fr6mont’3 Peak 
(lat. 43° 8'), which reaches the height of 13,567 feet. In 
the parallel of 44,° in the neighbourhood of the Three 
Tetons, where the north-westerly direction ceases, the meri¬ 
dian direction of the Rocky Mountains begins again, and 
continues about as far as Lewis and Clarke’s Pass, which 
lies in lat, 47° 2' and long. 112° 9' 30/' Even at this point, 
the chain of the Rocky Mountains maintains a considerable 
height (5977 feet), but from the many deep river-beds in 
the direction of Flathead River (Clarke’s Fork), it soon 

Fremont, Ex'plor. Exped. pp. 281—288. Pike’s Peak, lat. 38® 50', 
delineated, at p. 114; Long’s Peak, 40° 15'; ascent of Fremont’s Peak 
(13,570 feet) p. 70, The AVind River Jlountains take their name from 
tb® source of a tributary to the Big Horn River, whose waters unite 
with those of the Yellow Stone River, which falls into the Upper Mis- 
eouri (lat. 47° 58', long. 103° 6' 30"). Seethe delineations of the Alpine 
range, rich in mica-slatc and granite, pp. C6 and 70. I have in all cases 
retained the English names given by the North American Geographers, 
as their translation into a pure German nomenclature hSa often proved 
a rich source of confusion. To help the comi)arison of the direction 
and length of the meridian-chain of the Ural, which, accoi’ding to the 
careful investigations of my friend and travelling companion, Colonel 
Ernst Hofmann, takes a curA^e at the northern extremity towards the 
east, and which, from the Truchracniaii Mountain Airuk-Tagh (48J°) 
to the Sablj a Mountains (G5°), is fully 1020 geographical miles in length, 
with those of the Rocky Mountains, I would here remind the reader 
that the latter chain runs, between the parallels of Pike’s Peak and 
Lewis and Clarke’s Pass, from 105® 9' 30" into 112® 9' 30" of longitude. 
The chain of the Ural which, within the same space of 17 degrees of 
latitude, deviates little from the meridian of 59® 0' 30", likewise changes 
its direction under the parallel of 65°, and attains, under lat, 67-J® the 
meridian of 66® 6' 30". Compare Ernst Hofmann, der ndi'dliche Ural 
und das Kiistengebirge Pac Choi, 1856, s. 191 and 297—305, with 
Humboldt, Asic centrale (1843) t. i. p. 447. ^ 
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decreases to a more regular level. Clarke’s Fork and Lewis 
or Snake River unite in forming the great Columbia River, 
which will one day prove an important channel for com¬ 
merce. (^Explorations for a railroad from the Mississippi 
River to the Racijlc Ocean, made in 1853—1854, vol. i, p. 
107.) 

As in Bolivia, the eastern chain of the Andes furthest 
removed from the sea, that of Sorata (21,287 feet) and 
Illimani (21,148 feet), furnish no volcano now in a state 
of ignition, so also in the we.stcru parts of the. United 
States, the volcanic action on the coast-chain of California 
and Oregon is at present very limited. The long chain of 
the Rocky Mountains, at a distance from the shores of the 
South Sea varying fronr 480 to 800 geographical miles, 
without any trace of still existing volcanic action, neverthe¬ 
less shows, like the eastern chain of Bolivia in the vale of 
Yucay,'® on both of its slopes volcanic rock, extinct craters, 
and even lavas inclosing obsidian, and bpds of scoriaj. In 
the chain of the Rocky Mountains which we have here 
geographically described in accordance with the admirable 
observations of Fremont, Emory, Abbot, Wislizenus, Dana, 
and Jules Marcou, the latter, a distinguished geologist, 
reckons three grouj)s of old volcanic rock on the two slopes. 
For the earliest notices of the vulcanicity of this district we 
are also indebted to the investigations made by Fremont 
since the years 1842 and 1843 {Report of the Exploring Ex¬ 
pedition to the Rocky Mountains in 1842, and to Oregon and 
North California in 1843-44, pp. 164, 184-187, and 193). 

On the eastern slope of the Rocky Moiintains, on the 
south-western road from Bent’s Fort, on the Arkansas River 
to Santa F6 del Nuevo Mexico, lie two extinct volcanoes, the 
Raton Mountains'® with Fisher’s Peak, and the hill of El 
Cerrito between Galisteo and Pex'a Blanca. The lavas of the: 
former cover the whole district between the Upper Arkansas 
and the Canadian River. The Peixerino and the volcanic 
scorise, which are first met with even in the prairies, on. 

, ^ See above p. 295. 

'9 According to the road-map of 1855, attached to the general report 
of the Secretary of State, JejBfcrson Davis, the Katon Pfyss rises to an. 
'elevation of as much as 7180 feet above the level of the sea. Compare, 
also, Marcou, RetumC explicatif d'unc Carte Giol., 1855, p. 113. 
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approaching the Rocky Mountains from the cast, belong 
perhaps to old eruptions of the Cerrito, or of the stupendous 
Spanish Peaks (37"^ 32'). This easterly volcanic district of 
the isolated Raton Mountains forms an area of 80 geogra¬ 
phical miles in diameter; its ceutj'O lies nearly in latitude 
36^^ 50'. 

On the western slope most unniistakeablc evidences of 
ancient volcanic, action arc discernible over a wider space, 
which has been traversed by the important expedition of 
Lieutenant Wln])ple tln’oughout its whole breadth from 
east to west. This variously shaped district, though inter¬ 
rupted for fully 120 geogra])liical miles to the north of the 
Sierra de Mogoyon, is comprised (always on the authority 
of Marcou’s geological chart) ))etween latitude 33° 48'and 
35° 40', so that instances of eruption occur further south 
than those of the Raton Mountains. Its centre falls nearly 
in the parallel of Alhuqncrquo. Tlie area here designated 
divides into two sections, that of the crest of the Rocky 
Mountains nearer Mount Taylor, which terminates at the 
Sierra de Znni,^® and the western section, called the Sierra 
de San Francisco, The conical moiiTitain of Mount Taylor, 
12,256 feet high, is surrounded by ra<Uating lava-streams, 
which, like Malpays still destitute of all vegetation, covered 
over with scoriie and pumice-stone, wind along to a distance 
o^ several miles, precisely as in the district around Ilecla. 
About 72 geographical miles to the west of the present Pueblo 
de Zuni rises the lofty vohianic mountain of San Francisco 
itself. It has a peak which has heen calculated at more 
than 16,000 feet high, and stretches away southward from 
the Rio Colorado Chiquito, where, farther to the west, the 

20 We must be careful to distinguish, to the west of the mountain- 
ridge of Zuhi, where the Paso de Zuhi attains an elevation of as much' 
aB 7943 feet, between Zuhi viejo, the old dilapidated town delineated 
by Mbllhausen on Whipple’s expedition, and the still inhabited Pueblo, 
de Zuhi. Forty geographical miles north of the latter, near Fort 
Defiance, there still exists a very small and isolated volcanic district. 
Between the village of Zuhi and the descent to the Rio Colorado 
chiquito (Little Colorado) lies exposed the petrified forest which 
Mollhausen admirably delineated in 1853, and described in a treatise 
which he sent to the Geographical Society of Berlin. According 
Marcou {lUaumi explic^ d'une Carte 6coL, p. 59), fossil trees and fema 
are mingled with the ailicified coniferse. 
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Bill William Mountain, the Aztec Pass (6279 feet), and the 
Aquarius Mountains (8526 feet) follow. The volcanic rock 
does not terminate at the confluence of the Bill William 
Fork with the ginat Colorado, near the village of the Mohave 
Indians (lat. long. 114“), for, on the other side of the 
Rio Colorado at the Soda Lake, several extinct, but still open 
craters of eruption, may be recognized.*^ 

Tims w(! find here in the present I^ew Mexico, in the 
volcanic group commencing at the Sierra de San Francisco, 
and ending a little to the westward of the Rio Colorado 
Grande, or del Occidente (into which the Gila falls), over a 
distance of 180 geographical miles, the old volcanic district 
of the Auvergne and the Vivarais repeated, and a new and 
wide fiehl opened up for geological investigation. 

Likewise on the western slope, but /)40 geographical miles 
more to the noidih, lies the third ancient volcanic group of 
the Rocky Mountains, that of Fremont’s Peak, and the two 
triple-mountains, whose names, the Trois T6toiis and the 
Three Buttes, correspond well with their conical fonns. 
The former lie more to the west tluiu the latter, and con¬ 
sequently farther from the mountain chain. They exhibit 
wide-spread, lihick banks of lava, very much rent, and with 
a scorified surface.^'’ 

Parallel with the chain of the Rocky Mountains, some¬ 
times single and sometimes double, run several ranges in 
which their noi-thern portion from lat. 40® 12', are still the 
seat of volcanic action. First, from San Diego to Monterey 
(32i® to 36 r°), there is the coast-range, specially so-called, a 
continuation of tlie ridge of land on the peninsula of Old, or 
Lower, California; then, for the most part 80 geographical 

All on the authority of the profiles of Marcou and the above-cited 
road-map of 1855. 

32 The French appellations, introduced by the Canadian fur-hunters, 
are generally used in the country and on English mai)s. According to - 
the most recent calculations, the relative positions of the extinct vol¬ 
canoes are as follows •—Fremont’s Peak, lat. 43° 5', long, 110° 9' 30"; 
Trois Tdtons, lat. f3° 38', long. 110° 49' 30"; Three Buttes, lat. 43° 20', 
long. 112° 41' 30"; Fort Hall, lat. 43° O', long. 111° 24' 30". 

Lieut. Mullan, on Yolcanic Formation, in the Reports of Explor* 
Md Surveys^ vol. i (1855), pp. 330 and 348; see also Lambert’s and 
Imports on the Three Buttes, ihid, pp. 167 and 226—2^^ 
and Julea Marcou, p. 115. 
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miles distant from the shore of the South Sea, the Sierra 
Nevada (dc Alta California) from 36° to 40^°; then again, 
commencing from the lofty Shasty Mountains in the parallel 
of Trinidad Bay (lat. 41° 10'), the Cascade range, which 
contains the highest still ignited peak, and which, at. a 
distance of 104 miles from the coast, extends from south to 
north far beyond the parallel of the Fuca Strait. Similar in 
their course to this latter chain (lat. 43°—46°), but 280 
miles distant from the shore, are the Blue Mountains,** which 
rise in their centre to a height of from 7000 to 8000 feet. 
In the central portion of Old California, a little farther to 
the north, near the eastern coast or hay in the neighbour¬ 
hood of the former Mission of San Ignacio, in aboi\t 28® 
north latitude, stands the extinct volcano, known a.s the 
“ "Volcanes do las Virgcncs,” which I have given on my chart 
of Mexico. This volcano had its last eruption in 1746; but 
we possess no reliable information cither regarding it or any 
of the surrounding districts; (See Venegas, Noticia de la 
California, 1757, t. i, p. 27 ; and Duflot de Moras, Exploration 
de V Oregon et de la Californie, 1844, t. i, pp. 218 and 239). 

Ancient volcanic rock has already been found in the coast- 
range near the harbour of San Francisco, in the Monte del 
Diablo, which Dr. Trask investigated (3673 feet), and in the 
auriferous elongated valley of the Bio del Sacramento in a 
trachytic crater now fallen in, called the Sacramento Butt, 
which Dana has delineated. Farther to the north, the 
Shasty, or Tshashtl Mountains, contain basaltic lavas, obsi¬ 
dian, of which the natives make arrow-heads, an^ the talc¬ 
like serpentine which makes its appcai*ance on many points 
of the earth’s surface, and appears to be closely allied to the 
volcanic formations. But the true seat of the still existing 
igneous action is the Cascade Mountain range, in which, 
covered with eternal snow, several of the peaks rise to tha 
height of 16,000 feet. I shall here give a list of the.se, pro¬ 
ceeding from south to north. The now ignited, and more or 
less active volcanoes, will be (on the plan heretofore adopted) 

** Dana, p. 616—620; Blue Mountains, p. 649—651; Sacramento 
Butt, p. 630—643 ; Shasty Mountains, p. 614 ; Cascade range. On the 
Monte Diablo range, perforated by volcanic rock, see also John Trask, 
on the Geology of the Coast Mountaini and the Sierra Nevada, 1854, 
pp. 13—18. 
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(see above^ p. 61, note 71) distinguished by a star. The high 
conical mountains not so distinguished, are probably partly 
extinct volcanoes, and partly unopened trachytic domes. 

Mount Pitt, or McLaughlin ; lat. 42® 30', a little to the 
west of Lake Tlamat ; height 9/548 feet. 

Mount Jefterson, or Vancouver (lat. 44° 35'), a conical 
mountain. 

Mount Hood (lat. 45° 10'), decidedly an extinct volcano, 
covex'cd with cellular lava. According to Dana this moun¬ 
tain, as well as Mount St. Helen’s, wliich lies more 
northerly in the volcano range, is between 15,000 and 
16,000 feet high, though somewhat lower^® than the latter. 
Mount Hood was ascended in August, 1853, by Lake, Tra- 
vaillot, and Heller. 

Mount Swalahos, or Saddle Hill, S.S.E. of Astoria*®, 
with a fallen in, extinct crater. 

Mount St. Helen’s,* north of the Columbia river 
(lat. 46° 12'). According 4o Dana, not h'ss tlian 15,000 
feet high*^. Still burning and always smoking from the 
summit-crater, A volcano of very beautiful, i^egular, co¬ 
nical form and covered with ])ei'petual snow. There was a 
great eruption on the 23rd Novembei*, 1842 ; Avhich, ac¬ 
cording to Premont, covered everything to a great distance 
round with ashes and pumice. 

Mount Adams (lat. 46° 18'), almost exactly east of the 
volcano of St. Helen’s, more than 112 geographical miles 
distant from the coast, if it be true' that the last-named 
and still active mountain, is only 76 of those miles inland. 

Dana (pp. 615 and 640) c^Mmated the volcano of St Helen’s at 
16,000 feet, and Mount Hood of course under that height, while 
according to others Mount Hood is said to attain the great height of 
18,316 feet, which is 2521 feet higher than the summit of Mont Blanc, 
and 4730 feet higher than. Fremont’s Peak lu tho Rocky Mountains. 
According to this estimate, (Langiebe, Natunfehclinlite ihr Vullcane^ 
Bd. i, s. 497), Mount Hood would bo only 671 feet lower than the 
volcano Cotopaxi; on the other hand Mount Hood, according to 
Dana, exceeds the highest summit of the Rocky Mountains by 2586 
feet at the utmost. I am always desirous of drawing attention to 
variaTitea lecfkmes such as these. 

Dana, Qeol. of the Fi.ri>L Exped,, pp. 640 and 643—645. 

^ Variously estimated previously at 10,178 feet by Wilkes, and 13,533 
feet by Simpson. 

VOL. V. 2 E 
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Mount Regnicr,* also written Mount Rainier (lat, 
46° 48') E S.E. of Fort Nisqually, on Puget’s Sound, wliich 
is connected with the Fuca Strait. A burning volcano ; 
according to Edwin Johnson’s road-map of 18/54, 12,330 
feet high. It experienced severe eruptions in 1841andl843. 

Mount Olympus (lat. 47° 50'). Only 24 geographical 
miles south of the strait of San Juan de Fuca, long so 
famous in the history of the South Sea discoveries. 

Mount Baker,* a large and stUl active volcano, situated 
in the territory of Washington (lat. 48° 48'), of great 
(unmeasured ?) height (not yet determined), and regular 
conical form. 

Mount Brown (16,000 feet?) and, a little more to the 
east, Mount Hooker (16,750 feet?), are cited by Johnson 
as lofty, old-volcanic trachytie mountains, under lat. 52J°, 
and long. 117° 40' and 119° 40'. They are therefore re¬ 
markable as being more than 300 geogra])hical mBes 
distant from the coast. 

Mount Edgecombe,* on the small Lazarus Island, near 
Sitka (lat. 57° 3'). Its violent igneous eruption in 1796, 
has already been mentioned by me (see above, p. 269). 
Captain Lisiansky, who ascended it in the first years of 
the present century, found the volcano then unignited. 
Its height®* reaches, according to Ernst Hofmann, 3039 
feet, according to Lisiansky, 2801 feet. Near it are hot 
springs which issue from granite, as on the road from the 
Valles de Aragua to Portocabello. 

Mount Fairweather, or Cerro de Buen Tiem^ ; accord¬ 
ing to Malaspina, 4489 metres, or 14,710 feet high®*. In 
lat. 58° 45'. Covered with pumice-stone, and probably 
ignited up to a short time back, like Mount Elias. 

The volcano of Cook’s Inlet (lat. 60° 8'). According 
to Admiral Wrangel 12,065 feet high, and considered by. 
that intelligent mariner, as well as by Vancouver, to be 
an active volcano®*. 

® Karstcn’s Archiv.fiir Mineralogie, Bd. i, 1829, b. 243. 

® Humboldt, hssai Folit. aw la Nouv. E§p., t. i, p. 266. iom. ii, p. 310. 
* According to a manuscript which I waa permitted to examine in 
the year 1803, in the Archives of Mexico, the whole coast of Jfutka, 
as far as what waa afterwards called “ Cook’s Inlet,” was visited during 
the expedition of Juan Perez, and Efitevan Jos4 Martinez, in the year 
1774. 



TEUE VOLCANOES. 


419 


Mount Elias, lat. 60° 17 '; long. 136° 10 30". Accord- 
-ing to Malaspina’s manuscripts, whicli I found in the 
Archives of Mexico, 5441 metres, or 17,854 feet. Ac¬ 
cording to Captam Denham’s chart, from 1853 to 1856, 
the height is only 14,970 feet. 

What M'Cliire# in his account of the N’orth-West Passage, 
calls the Volcano of Franklin’s Bay (lat. 69° 57'; long 127°) 
eastward of the mouth of«the Mackenzie river, seems to be 
a kind of earth-fi/rp., or salses, throwing out hot, sulphurous 
vapours. An eye-witness, the Missionary Miertsching, in¬ 
terpreter to the expedition on board the ship “Investigator,” 
found from thirty to forty columns of smoke rising from 
fissures in the earth, or from small conical mounds of clays 
of various colours. The sulphurous odour was so strong 
that it was scarcely possible to approach the columns of 
smoke within- a distance of twelve paces. No rock or 
other solid masses could be discovered in the immediate 
vicinity. Lights were seen from the ship at tiight, no ejec¬ 
tions of mud, but great heat of the bed of the sea, and 
small {mols of water containing suljdiuric acid were observed. 
The district merits a careful investigation, and the pheno¬ 
menon stands tpiitc imconnected there, like the volcanic 
action of the Cerro’de Buen Tiempo, or of Mount Elias in 
the Californian Cascade range (M'Clure, Discovery of the 
N.W. Passaye, p. 99; Papers r'clative to the Arctic Ex¬ 
pedition, 1854, p. 34 ; Miertsching’s Reise-Tagehuch; 
Gnadau, 1855, s. 40). 

I have hitherto treated the volcanic vital activities of our 
planet in their intimate connections, as if forming an ascending 
scale of the great and mysterioixs phenomenon of a reaction 
of its fused interior upon its surface, clothed with animal and 
vegetable organisms. I have considered next in order to the 
almost purely dynamic effects of the earthquake (the wave 
of concussion) the thermal springs and salses, that is to say, 
phenomena produced, with or without spontaneous ignition, 
by the permanent elevation of temperature communicated to 
the water-spj'ings and streams of gas, as well as by diversity 
of chemical mixture. The highest, and in its expressions, 
the most complicated grade of the scale, is presented by the 
volcanoes, which call into action the great and varied pro¬ 
cesses of crystalline rock-formation by the dry method, and 

2 E 2 
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whicli couaeqiiently do not simply reduce and destroy, but 
appear, in the ’ character of creative powers, and form the 
materials for new combinations. A considerable portion of 
very recent, if not of the most recent, mountain-strata, is the 
work of volcanic action, wljctber effected, as in the present 
day, by the pouring forth of molten masses at many points 
of the earth from peculiar conical, or dome-shaped elevated 
stages, or, as in tlie early years*of our planet’s existence, 
by the immediate issuing forth of basaltic and trachytic rock 
by the side of the sedimentary strata, from a iiet-woi'k of open 
fissures, without the intervention of any siuih structures. 

In the preceding pages I have most carefully endeavoured 
to determine the locality of the j^oints at which a commu¬ 
nication has long continued open between the fluid interior 
of the earth and the atmosphere. It now remains to sum 
up the number of these })oints, to separate out of the rich 
abundance of the volcanoes which have been active in very- 
remote historical periods, those which are still ignited at the 
present day, and to consider these according to their division 
into Continental and Insular Volcanoes, If all those which,' 
in this enumeration, 1 think I may venture to consider the 
lowest limit of the number, were simultaneously in action, 
their influence on the condition of the atmosphere, and its 
climatic, and especially its electric relations, would certainly 
be extremely perceptible ; but as the eruptions do not take 
place simultaneously, but at diflerent times, their effect is 
diminished and is confined within very nairow and chiefly 
mere local limits. In great ei’uptions there occu^^around the 
crater, as a conscqmuico of the exhalation, volcanic storms, 
which being accompanied by lightning and torrents of rain, 
often occasion great ravages; but these atmospheric })heno- 
mena have no generally extended results. For that the re¬ 
markable obscurity (known by the name o ithe drj/ Jog) 
which for the space of several months, from May to August 
of the year 1783, overspread a very considerable part of 
Europe and Asia, as well as the North of Africa—while the 
sky was seen pure and untroubled at the top ol the lofty 
mountains of Switzerland—could have been occasioned by the 
unusual activity of the Icelandic volcanicity, and the earth; 
quakes of Calabria, as is even now sometimes maintained, 
seems to me very improbable on account of the magnitude of 
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the eff^t produced.’^ Yet a certain apparent influence of 
earthquakes, in cases where they occupy much space in 
changing the commencement of the rainy season, as in the 
highland of Quito and Riobamba (in February, 1797), or in 
the south-eastern countries of Europe and Asia Minot (in the 
Autumn of 1856), might indeed be viewed as the isolated 
influence of a volcanic eruption. 

In the following table the first figures denote the number 
of the volcanoes cited in the preceding pages, while the second 
figures, inclosed in parentheses, denote the number of those 
which in recent times have given evidence of their igneous 
activity. 

Number of Volcanoes on the Earth, 

I Europe (above, p. 350) ... ... 7 (4) 

II lulaiuis of the Atl.uitic Ocean (p. 351—354) ... 14 (8) 

III Africa (p. 354. 355) ... ... ... ... 3 (1) 

IV Asia—Continental ... ... ... ... 25 (15) 

(1) Wcbtein and Cential (p. 356—3f)2) . . 11 (6) 

(2^ The Peniiibula of K.untschatka (p. 3G2—367) 14 (9) 

V Eastern Asiatic Islands (j). 367—377) . . .. 69 (54) 

VI South Asiatic Islands (p. 297—308, 377- 382) ... 120 (56) 

VII Indian Ocean (p. 3S2—388, aiid note 79atp. 385, 386) 9 (SJ 

VIII South Sea (p. 3S8—401, uoteb 83—85 atp. 389—391) 40 (26) 

IX America—(jontineutal ... ... ... ... 115 (53) 

(1) South America ... ... ... ... 56 (26) 

(а) Chill (p. 285, note 75 at p. 287—290) ... 21 (13) 

(б) Peru and Polivia (p. 285—291, note 74 at 

p. 286, 287) ... ... ... 14 (3) 

(c) Quito and New Granada (p. 285, note 73 

at p. 286) ... ... ... ... 18 (10) 

(2) Central America (p. 258, 268—279, 285, 328, 

notes 66—68 at p. 271—278) ... ... 29 (18) 

(3) Mexico, south of the Tlio Gila (i). 279, 281, 

285, 308—328, and notes 6—13 at \\ 310— 

322, 401—429, notes 7—14 at p. 402—408) 6 (4) 

(4) Noi’th-Western America, noith of the Gila 

(p. 409—419) ... ... ... ... 24 (5) 

The Antilles.. ... ... ... 6 (3) 

Total . 407 (225) 

* [A-similar fog overspread the Tyrol and Switzerland in 1755, just 
before the great earthquake which destroyed Lisbon, It appeai*ed to 
be composed of earthy particles reduced to aii extreme degree of fine¬ 
ness.]—T r. 

In the Antilles the volcanic activity is confined to what are 
'Called tte Little Antilles/' three or four still active volcanoes having 
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The result of this laborious work, on which I have long 

broken out on a somewhat curvilinear fiseure.runniug from south to 
north, nearly parallel to the volcanic fissure of Central America. In 
the course of the considerations induced by the simultaneousnees of 
the earthquakes in the valleys of the rivers Ohio, Misnigeippi, and Ar- 
kansns, with those of the Orinoco, and of the shore of Venezuela, I have 
already described the little sea of the Antilles, in its connection with 
the Gulf of Mexico and the great plain of Louisiana, between the Alle- 
ghanya and the Rooky Mountains, on geognoatic views, as a single 
ancient basin (Voyage aux lidgiona Equinoxiales^ t. ii, pp. 5 and 19; see 
also above, p. 6). This basin is intersected in its centre, between 18® 
and 22® lat. by a plutonic mountain-range from Cape Catoche of the 
peninsTila of Yucatan to Tortola and Virgen gorda. Cuba, Haiti, and 
Porto Rico, form a range running from west to east, parallel with 
the granite and gneiss chain of Caraccas. On the other baud, the Little 
Antilles, which are for the most part volcanic, unite together the plu¬ 
tonic chaiti just alluded to (that of the Great Antilles) and thi\,t of 
the shore of Venezuela, closing the southern portion of the basin ofl the 
east. The still active volcanoes of the Little Antilles lie between the 
parallels of 13® to 16*®, in the following order, reckoning from south 
to north : — 

The volcano of the island of St, Vincent, stated sometimes at 3197 
and sometimes at 50.02 feet high. Since the cruj)tion of 1738 all re¬ 
mained quiet, until an immense ejection of lava took place on the 27th 
April, 1812. The first commotions commenced as early as May, 1811# 
pear the Crater, three months after the island of Sabrina in the 
Azores had risen from the sea. They began faintly in the mountain- 
valley of Caraccas, 3496 feet above the surface of the sea, in December 
of ^he same year. The complete destruction of the great city took 
place on the 26th March, 1812. As the earthquake which destroyed 
Gumana on the 14th December, 1796, was with justice ascribed to the 
eruption of the volcano of Quadaloupe (the end of September, 1796), 
in like manner the destruction of Caraccas appears to have Ijjjfen the effect 
of the reaction of a southerly volcano of the Antilles,—that of St. Vincent. 
The frightful subterranean noise, like the thundering of cannon, pro¬ 
duced by a violent eruption of the latter volcano on the 30th April, 
1812, was heard on the distant grass-plains (Llanos) of Calabozo, and 
on the shores of the Rio Apure, 192 geograf)hical miles farther to the 
west than its junction with the Orinoco (Humboldt, Voy. t. ii, p, 14). 
The volcano of St, Vincent had thrown out no lava since J718, but on 
the 30th April, a stream of lava flowed from the summit crater, and in 
four hours reached the sea shore. It was a very striking circumstance, 
and one which has been confirmed to me by very intelligent coasting 
mariners, that the noise was very much stronger op the open sea, far 
from the island, than near the shore. 

The volcano of the island S, Lucia, commonly called only a solfh- 
tara, is scarcely 1200 to 1800 feet high. In the crater are seyeral small 
basins periodically filled with boiling water. In the year 1766, an 
ejection of scorise and cinders is said ta have been observed, wluoh is 
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be^D occupied, baviug in all cases consulted the original 

oertainlj an unusual phenomenon in a solfatara, for although the 
careful investigations of Janies Forbes and Poulett Scrope, leave no 
room to doubt that an eruption took pLice from the Solfatjira of Poz- 
zuoli in the year 1198, yet on© might be inclined to consider that event 
as a collateral effect produced by the great neighbouring volcano, Vesu 
vius (See Forbes in the Edinb, Journal of Sci^nce^ vol. i, p. 128, and 
Poulett Scrope in the Transact, of the GeoL Soc. 2nd Ser, vol. ii, p. 346), 
Lancerotc, Hawaii and the Suuda Islands furnish us with analogous 
examples of eruptions at exceedingly great distances from the summit 
craters, the peculiar seat of Jiction. It is true the solfataraof Po//uoli was 
not disturbed on the occasion of great eruptions of Vesuvius in the 
years 1794,1822, 1850 and 1855, (Julius Schmidt, Ueber die Eruption des 
Vesuvs. in J/a?, 1855, p. 156), though Strabo (lib. v, p, 245), long before 
the eruption of Vesuvius, speaks of fire, somewhat vaguely it is true, in 
the scorched plains of Dicaarchia, near Curncea and Phlegra. Dic^iarchia 
in Hannibal's time received the name of l*uteoli from the Romans who 
colonised it. “ Some are of opinion," continues Strabo, “ on account of 
the bad smell of the water that the whole of that district as far as 
Baise and Cumcna is so called, because it is full of sulphur, fire and 
warm water. Some think that on this account Cumoea (Cumanus ager) 
is called also Phlegra .. . and then again Strabo mentions discharges 
of fire and water, Trupbg leai roit vSarog).** 

The recent volcanic action of the island of Martinique in the Mon- 
tagne Pelde (according to Dnpuget, 4706 feet high), the Vauclin and the 
Pitons dn Carbet is still more doubtful. The great eruption of vapour 
on the 22nd January, 1792, described by Chisholm, and the shower of 
ashes of the 5th August, 1851, deserve to be more thoroughly inquired 
into. 

The Soufri^re do la Guadeloupe, according to the older measure¬ 
ments of Amic and Le Boucher, 5435 and 5109 feet high, but accord¬ 
ing to the latest and very correct calculations of Charles Sainte-Claire 
Deville, only 4867 f6et high, exhibited itself on the 28th September, 
1797, 78 days before the great earthquake and the destruction of the 
town of Cumana, as a volcano ejecting pumice (Rapport fait au Q4n<5ral 
Victor Hugues par Amic et Hapel sur le Volcaii de la Basse Terre, 
dans la nuit du 7 au 8 Vendimiaire, an 6, pag. 46; Humboldt, Voyage^ 
t. 1, p. 316), The lower part of the mountain is dioritic rock, the vol¬ 
canic cone, the summit of which is open, is trachyte, containing labra- 
dorite. Lava does not appear even to have flowed in streams from the 
mountain called on account of its usual condition, the Soufri^re, either 
from the summit crater, or from the lateral fissures, but the ashes of 
the eruptions of Sept, 1797, Dea 1836, and Feb. 1837, examined by 
the excellent and much lamented Dufr^iioy, with his peculiar accuracy, 
were found to be finely pulverised fragments of lava, in which fel- 
spathic minerals ^labradorlte, rhyakolite and sanidine) Wei's recognisable 
together with pyroxene, (See Lherminier, Daver, Elle de Beaumont 
and Dufrdnoy, in the Comptes rendtLS de VAcad, des iSc, t. iv, 1837, 
^pp.'294; 651 and 743—749). Small fragments of quartz have also 
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sources of information (the geological and geographical 

been recognised by Deville in the trachytes of the soufrifcre, together 
with the crystals of labradorite {Com'ptei rendus, t. xxxii, p. 675), while 
Gustav Rose even found hexagonal-dodecahedra of quartz in the tra¬ 
chytes of the volcano of Arcquipa (Meyen, lieimc um dieErde, Bd.ii,».23), 
The phenomena here described, of the temporary ejection of very 
various mineral productions from the fissure-openings of a sou- 
frii^re, remind ua very forcibly that what we are accustomed to deno¬ 
minate a solfatara, 8oufri6re or fumarole, denotes properly speaking 
only certain conditions of volcanic action. Volcanoes which have once 
omitted lava; or, when that failed, have ejected loose scoriic of con¬ 
siderable volume, or finally the same scoria} pulverised by trituration, 
pass on a diminution of their activity, into a state in which they 
yield only sulphur sublimates of sulphunms acid and aqueous vapour. 
If as such we were to call them somi-volcanoea, it would readily convey 
the idea that they are a peculiar class of volcanoes, Bunsen, to whom 
along with Boussingatilt, Senarmont, Charles Deville and Danhree 
science is indebted for such important advances for their ingenious 
and happy application of chemistry to geology, and especially to the 
volcanic processes, shows how, when in sulphur sublimations, 
which almost always accompany volcanic eruptions, the masses of sul¬ 
phur in the form of vapour come in contact with the glowing pyroxene 
rocks, the sulphurous arid is generated by the partial decomposition of 
the oxyde of irbn contained in those rocks. If the volcanic action then 
sinks to a lower temperature, the chemical action of that zone then 
enters into a new phase. The sulphurous combinations of iron and 
perhaps of metals of the earths and alkalies there produced, commence 
their operation on the aqueous vapour, and the result of the alternate 
action is the generation of sulphuretted hydrogen and the products of 
its decomposition, disengaged hydrogen and sulphur vapour.'*—The 
sulphur fumaroles outlive the great volcanic eruptions for centuries. 
The muriatic acid fumaroles belong to a different and later period. 
They seldom assume the character of permanent phenifiaena. The 
muriatic acid in the gases of craters is generated in this way; the 
common salt which so often occurs as a product of sublimation in vol¬ 
canoes, particularly in Vesuvius, is decomposed in higher temperatures, 
under the co operation of aqueous vapour and silicates, and forms 
muriatic acid and soda, the latter combining with the silicates pre¬ 
sent. Muriatic acid fumaroles which, in Italian volcanoes, are not un- 
frequently on the most extensive scale, and are then genially accom¬ 
panied by immense sublimations of common salt, seem to be of a very 
unimportant character in Iceland. The concluding stages in the chro¬ 
nological series of all these phenomena consist in mere emanations of 
carbonic acid. The hydrogen contained In the volcanic gases has 
jhitherto been almost entirely overlooked. It is present in the vapour-* 
Bprings of the great solfataras of Krisuvik and Reykjalidh jn. Iceland, 
and is indeed at both those places combined with sulphuretted hyilfd- 
jgen. When the latter come in contact with sulphuric acid, they are/ 
both mutually decomposed by the separation of the sulphur, so tl^ 



TBUE VOLCANOES. 


425 


accounts of travels), is that, out of 407 volcanoes cited by 

they can never occur together. They are however not uufrequently 
met with on one and the name field of fumaroles in close proximity to 
each other. Unrecognisable as was the sulphuretted hydrogen gas in 
the Icelandic solfataras just mentioned, it failed on the other hand en¬ 
tirely in the solfataric con<lition assumed by the crater of llecla shortly 
after the eniption of the year 1845,—that ia to say, in the first pLa«e 
of the vo]<*anic sccondaiy action. Not the smallest trace of sulphuretted 
hydrogen could bo detected, eitlicr by the smell or by ro-agenta, while 
the cooiouB subliination of sulphur, the hmell of which extended to a 
great disbuice, afforded indisputable evidence of the presence of sul¬ 
phurous acid. In fact, on the approach of a lighted cigar to one of these 
fumaroles those thick clouds of smoke were produced which Melloui 
and Piria have noticed as a test of tlie smallest trace of sulphuretted 
hydrogen (Com 2 '>tes rtmluny t. xi, 1840, p. 352, and Poggendorff’s Anna- 
Imy Erganzungsband, 1842, a. 511). As it may however be easily 
seen by experiment that even auliihur itself, when sublimated with 
aqueous vapour, produces the same phenomenon, it renieina doubtful 
whether any trace whatever of sulphuretted hydrogen accompanied 
the emanations from the crater of Hecla in 1845, and of Vesuvius in 
1843 (compare llobert Bunsen's admirable and geologically important 
treatise on the processes of formation of the volcanic rock of Iceland, 
iu Poggend. Annal. Bd. IxxSau, 1861. s, 241, 244, 246, 248, 264 
and 256; serving as an extension and rectification of the treatises 
of 1847 in Wohler’s and Liebig’s AwWlm dtr Chtmie tmd Phar^ 
made. Bd. Ixii, s. 19). That the emanations from the solfatara of 
, Pozzuoli are not sulphuretted hydrogen, and that no sulphur is 
deposited from them by contact with the atmosphere, as Breidak hits 
conjectured {Eaaai Mineraloffique sur la Soafnere dc Pozzmli^ 
1792, p. 128—130), was remarked by Oay-Lussac when I visited the 
Phlegraian Fields with him at the time of the great eruption of lava in 
the year 1805. That acute observer, Archangel© Scacchi likewise de¬ 
cidedly denies the existence of sulphuretted hydrogen {Memorie gea~ 
logiche mlla Campaaia^ 1849, p. 49—121), Piria’a test seeming to him 
only to prove the presence of aqueous vapour; — Son di aVviso cho Jo 
Bolfo emane mescolato a i vapori acquei senzu essere in chimica combl- 
nazione con altre sostanze,”—“ I am o^f opinion that the sulphur ema¬ 
nates mixed with aqueous vapours without being in combination with 
other Bubatances.” An actual analysis, however, long looked for by me, 
of the gases ejected by the solfatara of Pozzuoli, has been very recently 
published by Charles Sainte-Claire Deville and Leblanc, and has com¬ 
pletely established the absence of sulphuretted hydrogen {Comptes 
rendm de VAcad. d. Sc. t. xliii, 1856, p. 746). Sartorius von Waltersbau- 
aen, on the other hand, observed on cones of eruption of Etna, in 1811, 
a Btrong smell of sulphuretted hydrogen, where in other years sulphu¬ 
rous acid only was perceived. Nor did Charles Deville discover any sul¬ 
phuretted hydrogen at Girgenti, or in the Macalube, but a small por¬ 
tion of it on the eastern declivity of Etna, in the epring of Santa ^ 
Veneriua. It ia remarkable, that throughout the important eeriea of 
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me, 225 have exhibited proofs of activity in modern times. 
Previous statements of the number®* of active volcanoes 
have given sometimes about 30 and sometimes about 5Q 
less, because they were prepared on different princil)les. 
In the division made by me, I have confined myself to those 
volcanoes which still emit vapours, or which have had 
historically certain eruptions in the 19th or in the latter 
half of the 18th centuiy. There are doubtless instances 
of the intermission of eruptions which extend over four 
centuries and more, but these phenomena are of very rare 
occurrence. We are acquainted with the lengthened series 
of the eruptions of Vesuvius in the years 79, 203, 512, 652, 
983, 1138, and 1500. Previous to the great eruption of 
Epomeo on Ischia in the year 1302, we are acquainted only 
with those which occurred in the 36th and 45th years before 
our era, that is to say, 55 yeai*s before the eruption of 
Vesuvius. 

Strabo, who died at the age of 90 under Tiberius (99 years 
after the occupation of Vesuvius by Spartacus), and whom 
no historical account of any former eruption had ever reached^ 
describes Vesuvius not^thstauding as an ancient and long 
extinct volcano. "Above the places” (Herculaneum and 
Pompeii), he says, "lies the Mount Vesuios, covered round 
by the most beautiful farms, except on the summit. This is 
indeed for the most part pretty smooth, but on the whole 

chemical analyses made Ly Boiissingault on gas-exhaling volcanoes of 
the Andes (from Pnmed and Tolima to the elevated plains of las Pastos 
and Quito), both muriatic acid and sulphuretted hydrog^ (bydrog&no 
Bulfureux) are wanting. 

^ The following numbers are given in older works as those of the 
volcanoes still in a state of activity :—by Werner, 193; by Caesar von, 
Leonhard, 187; by Arago, 175 (Aatronomie Populaire, t, Hi, p. 170); 
variations which, as compared with my results, all show a difference 
ranging from ^ to in a downward direction, occasioned partly by 
diversity of principle in judging of the igneous state of a volcano, aoa 
partly by a deficiency of materials for forming a correct judgment. It 
is well known, as I have previously remarked, and as we leam from 
historical experience, that volcanoes which have been held to be extinct 
have, after the lapse of very long periods, again become active, and 
therefore the result which I have obtained must be considered aa 
rather too low than too high. Leopold von Buch, in the supplement 
to his masterly description' of the Canary Isles, and Landgrebe^ Itt 
his Geography of Volcanoes, have not attempted to give any general 
numerical result 
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unfruitful, and having an ashy appeaAnce. It exhibits 
jSssured hollows of red-coloured rock, as if it wore corroded 
by fire, so that it might be supposed that this place had 
formerly burned and had gulphs of fire, wliich, however, had 
died away when the fuel became consumed.” (Strabo, lib. v. 
page 247, Casaub.) This description of the primitive form 
of Vesuvius indicates neither a cone of cinders nor a crater- 
like hollowing*® of the ancient summit, such as, being walled 
in, could have served Spartacus®* and his gladiators for a 
defensive stronghold. 

®® This description is therefore totally at variance with the often 
repeated representation of Vesuvius, according to Strabo, given in 
Poggendorff‘’B Anvalen da* Physik, Bd. xxxvii, s. 190, Tafel 1. It 
is a very late writer, Dio Casaiua, under Scptiinius Severus, who 
first speaks, not (as is frequently supposed) of the pioduction of 
several summits, but of the chionges of form which the Bummits 
have underg<me in the course of time. He records ((piite in con¬ 
firmation of Htrabo) that the mountain foimeily had everywhere a 
flat summit. His wouLs are as follows (lib. Ixvi, cap. 21, ed. Sturz, 
vol. iv, 1524, p. 210):—“For Vesuvius is situated by the sea near 
Naples, and has numer(*ua sources of fire. The whole mountain was 
formerly of uniform height, and the fire arose fiom its centre, for at 
this part only is it in a state of cf>mbu8tion. Outwardly, however, the 
whole of it is still down to our times devoid of fire. But, while the 
exterior is always without conflagration, and the centre is dried up 
(heated) and converted into ciudeis, the peaks round about it have still 
their ancient height. But the whole of tlie igneous p.irt, being con¬ 
sumed by length of time, has become hollow by sinking m, so that the 
whole mountain (if we may compare a small thing with a great) 
resembles an ainphitheatie.” (Comp, i^turz, vol. vi, Atinof^ ii, p. 568). 
This is a clear description of those mountaiu-masses which, since the 
year 79, have formed the inaz'gins of the ciater. The explanation of 
this passage, by referring it to the Atrio del Cavallo, appeals to me 
erroneous. According to the large and excellent hypvometrical work 
of that diatinguiahed Olmutz astronomer, Julius Schmidt, for the year 
1855, the Punta Nasone of the Somma is 3771 feet, tfle Atiio del 
Cavallo, at the foot of the Punta Nasone, 2661, -and the Punta or 
Bocca del Palo (the highest edge of the crater of Vesuvius to the 
north, pp. 112—116; 3992 feet high. My barometrical measurements 
of 1822 (Views of Nature, pp. 376—377) gave for the same three points 
3747 feet, 2577 feet, and 4022 feet—showing a difference of 24, 84, and 
30 feet respectively. The floor of the Atrio del Cavallo has, according 
to Julius Schmidt (Eruption des Vesuvs im Mai 1855, p. 95), undergone 
great alterations of level since the eruption of Feb. 1850, 

^ Velleius Paterculus, who died under Tiberius, mentions Vesuvius, 
it ia true, as the mountain which Spartacus occupied with his gladiators 
(ii, 30); while Plutarch, in his Biography of Crasms, cap. ii, speaks only 
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Diodorus Siculus, likewise (lib. iv_ cap. 21, 5), wlio lived 
under Caesar and Augustus, in his account of the progress of 
Hercules and his battles with the giants in the Phlegrsean 
Fields, describes ‘^what is now called Vesuvius as a \o0off, 
which, like Etna in Sicily, once emitted a great deal of fire, 
and (still) shows traces of its former ignition.” He calls the 
whole space between Cumse and Naples the Phlegraean Fields, 
as Polybius does the still greater space between Capua and 
Nola (lib. ii, cap. 17), while Strabo (lib. v, page 246) describes 
with much local truth the neighbourhood of Puteuli (Dicse- 
archia), where the great Solfatara lies, and calls it ^llpaitrrov 
In later times the name of ra Trec/a is 

ordinarily confined to this district, as at this day geologists 
place the mincralogical composition of tlie lavas of the 
Phlegraean Fields in op[)osition to those from the neighbour¬ 
hood of Vesuvius. The same opinion that in ancient tim^es 
there was fire burning within Vesuvius, and that that 
mountain had formerly had eruptions, is most distinctly 
expressed in the architectural woi-k of Vitruvius (lib. ii, 
cap, 6), in a passage which has hitherto not been sufficiently 
regarded:—Non minus etiam luemoi’atur, antiquitus crevisse 
ardores et abuudavisse sub Vesuvio monte, et inde evomuisse 
circa agros flammam. Ideoque nunc qui spongia srvk^pumex 
J^ompejanus vocatur, excoctus ex alio genere lapidis, in hanc 
redactus esse videtxir generis qualitatem. Id autem genus 
spongife, quod iiidc eximitur, non in omnibus locis nascitur, 
nisi circum yEtnam, et collibus Mysiae, qui a GTsecis Kara/cc- 
icavuLvoi nominantur.” It is also related thaVhi ancient 
times the fire increased and abounded beneath Mount 
Vesuvius, and vomited out flame from thence on the fields 
around. So that now what is called spongia, or Pompeian 
pumex, baked out of some other kind of stone, seems to have 
been reduced to this kind of substance. But that kind of 
spongia which is got out of there is not produced In all 

of a rocky diHtrict, having a single narrow entrance. The servile war 
of Spartacue took place in the 681 at year of Horae, or 152 years before the 
eruption of Vesuvius describetl by Pliny (24th August, 79, A.D.). The 
circumstance that Floras, a writer who lived in the time of Trajan, and 
who, being acquainted with the eruption just referred to, knew what 
was hidden in the interior of the mountain, calls it “ cavus,'* proves 
nothing, as others have already observed, for its earlier configuration 
iFLorma, lib. i, cap. 16, “ Vesuvius mons, Atneei ignis imitatoa*lib. lii, 
cap. 20, fauces cavi montis).” 
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places, only around ^tna and on the hills of Mysia, which 
are called by the Greeks KaTaKCKavfievoi.) Now, it can no 
longer be doubted, since the investigations of Bockh and 
Hirt, that Vitruvius lived in the time of Augustus,®* and 
consequently a full century before the erujition of Vesuvius, 
at which the elder Pliny met his death. The passage thus 
quoted, therefore, and the expression ptimex Pompeianus 
(thus connecting pumice-stone with Pompeii), ])reseTit a 
special geological interest in relation to the question raised 
as to whether, according to the acute conjecture of Leopold 
von Buch,®® Pompeii was overwhelmed only by the pumiceous 
tufo-beds thrown up on the first formation of MouTit Somma; 
these beds, which are of submarine formation, covering in 
horizontal layers the whole level between the Apennino 
range and the west coast of Capua as far as Sorento, and 
from Nola to the other side of Naples,— or whether Vesuvius 
itself, entirely contrary to its present habit, ejected the 
pumice from its interior. 

Both Carmine Lippi,who (181G) describes the tufa 
covering of Pompeii as an aqueous deposit, and his ingenious 
opponent Archangelo Scac(;hi,®® in the letter addr(isscd to the 
Cavaliere Francesco Avellino (1843), have directed attention 
to the remarkable phenomenon that a portion of the pumice 
of Pompeii and Mount Somma contains small fragments 
of chalk which have not lost their carbonic acid, a circum¬ 
stance which, on the BU]^position that they have been exposed 
to a gi'eat pressure during their igneous formation, can 
excite but little surprise. I have myself had the opportunity 

** At all events Vitruvius wrote earlier than the elder Pliny, as is 
evident, not merely because he is three separate times cited by Pliny 
in hia list of authorities, ho unjustly attacked by the English translator 
Newton (lib. xvi, xxxv, and xxxvi), but because in hook xxxv, cap. 14, 
B. 170—172, as baa been distinctly proved by Sillig (vol. v, 1851, 
p. 277) and Brunn {Dish, de aucloritm indiclbus Pliniaiduy Bonnao, 185(}, 
pp. 55—60), a passage has actually been extracted from Vitruvius by 
Pliny himself. See also Sillig's edition of Pliny, vol. v, p. 272. Hirt, 
in his Essni/ on the Pantheon, places the date of Vitruvius’s writings on 
Architecture between the years 16 and 14 of our era, 

PoggendorfTs Awna^ca, Bd. xxxvii, s. 175—180, 

^ Carmine Lippi; Fn il fuoco o Vacqna che soUerd Pompd ed 
Srcolano 1 (1816) p. 10. 

Soacchi, Osaervazioni critiche aulla nianiera come fu aep'pelUta 
TAntica Powjpei, 1843, pp.^8—lOi. 
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of seeing specimens of this pumice-stone in the interesting 
geological collections of my learned friend and academical 
colleague, Dr. Ewald. The similarity of the mineralogical 
constitution at two opposite points naturally gives rise to 
the question,—whether that which covers Pompeii has been 
throwix down, as Leopold von Buch supposes, during the 
eruption of the year 79, from the declivities of Somma,—or 
whether, as Scacchi maintains, the newly-opened crater of 
Vesuvius has ejected pumice simultaneously on Pompeii and 
on Somma ? What was known as 'pimex Pompejanus in 
the time of Yitniviiis, under Augustus ,carries us back to 
eruptions before the time of Pliny, and from the experience 
we have respecting the variable nature of the formations in 
different ages and different circumstances of volcanic activity, 
we should bo as little warranted in absolutely denying that, 
since its first existence, Vesuvius could have ejected pumice, 
as we should be in absolutely taking it for granted that 
pumice—that is to say, the fibrous or porous condition of a 
pyrogenous mineral—could only be formed, where obsidian 
or trachyte with vitreous felspar (sanidine) were present. 

Although, from the examples which have been cited of the 
length of the periods at which the revival of a slumbering 
volcano may take place, it is evident that much uncertainty 
must still remain, yet it is of great importance to verify 
the geographical distribution of burning volcanoes for a 
determinate period. Of the 225 open craters throxigh which, 
in the middle of the 19th century, the molten interior of 
the eaith maintains a volcanic communicatiolf' with the 
atmosphere, 70, that is to say, one-third, are situated on the 
continents, and 155, or two-thirds, on the islands of our 
globe. Of the 70 continental volcanoes, 53, or three-fourths, 
belong to America, 15 to Asia, 1 to Europe, and 1 or 2 to 
that portion of the continent of Africa hitherto known to Us. 
In the South-Asiatic islands (the Sundas and Moluccas), as 
well as in the Aleutian and Kurile Islands, the greatest num¬ 
ber of the island volcanoes are situated in a very limited 
space. The Aleutian Isles contain, perhaps, more volcanoes 
active in late historical times than the whole continent of 
South-America. On the whole surface of the earth, the tract 
containing the greatest number of volcanoes is that which 
ranges between 73° west and 127° east longitude, and 
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between 47° south and 66° north latitude, in a direction 
from south-east to north-west. 

If we suppose the great gulph of the sea, known under 
the name of the South Sea, or South Pacific Ocean, to bo 
cosmically bounded by the parallel of Behring’s Straits, and 
that of New Zealand, which is also the parallel of South 
Chili and North Patagonia, we shall find—and this result 
is very remarkable—in the interior of the basin, as well 
as around it (on its Asiatic and American continental boun¬ 
daries), 198, or nearly seven-eighths of the 225 still active 
volcanoes of the whole earth. The volcanoes nearest the 
poles are, so far as our present geographical knowledge goes, 
in the northern hemisphere the volcano Esk, on the small 
island of Jan Meyen, in lat. 71° P, and west long. 7° 30' 30", 
and in the southern hemisphere Mount Erebus, whose red 
flames are visible even by day, and which Sir James Ross,“ 
on his great southern voyage of discovery in 1841, found to 
be 12,400 feet high, or about 240 feet higher than the Peak 
of Teneriffe, in lat. 77° 33', and long. 166° 58' 30" cast. 

The great number of volcanoes on the islands and on 
the shores of continents must have early led to the investi¬ 
gation by geologists of the causes of this phenomenon. I 
have already, in another place {Cosmos, vol. i, p. 242), men¬ 
tioned the confused theory of Trogus Pompeius under Augus¬ 
tus, who supposed that the sea-water excited the volcanic fire. 
Chemical and mechanical reasons for this supposed effect of 
the sea have been adduced to the latest times. The old 
hypothesis of the sea-water penetrating into the volcanic 
focus seemed to acquire a firmer foundation at the time of the 
discovery of the metals of the earth by Davy, but the great 
discoverer himself soon abandoned the theory to which even 
Gay-Lussac inclined,*® in spite of the rare occurrence, or total 
absence of hydrogen gas. Mechanical, or rather dynamical 
causes, whether sought for in the contraction of the upper 
crust of the earth and the rising of continents, or in the 

locally diminished thickness of the inflexible portion of the 

% 

' • 

Sir James lloss, Voya^t to the Antartic Reyions, vol. i, pp. 217, 
220, and 304. 

^ Guy-Lussac, R{’jlexions sut lea Yolcans in the Annates de Chimie et 
dc Physique, t. xxii, 1823, p. 429; see above, p. 169; Arago, (Euvree 
cowpUtee, t/iu, p. 47* 



432 


COSMOS. 


earth’s crust, might, iu my opinion, offer a greater appearance 
of probability. It is not difl&cult to imagine that at the 
margins of the up-heaving continents which now form the 
more or less precipitous littoral boundary visible over the 
surface of the sea, fissures have been produced by the simul¬ 
taneous sinking of the adjoining bottom of the sea, through 
which the communication with the molten interior is pro¬ 
moted. On the ridge of the elevations, far from that area 
of depression in the oceanic basin, the same occasion for 
the existence of such rents does not exist. Volcanoes follow 
the present sca-shorc in single, sometimes double, and some¬ 
times even triple parallel rov/s. These arc connected by 
shoi-t chains of mountains, raised on trarjsverse fissures, and 
forming mountain-nodes. The range tiearest to the shore is 
frequently (but by no means always) the most active, while 
the more distant, those more in the interior of the country, 
appear to be extinct or approaching extinction. It is some¬ 
times thought that, iu a particular direction in one and the 
same range of volcanoes, an increase or diminution in the 
frequency of the eru])tions may be perceived, but the pheno¬ 
mena of renewed activity after long intervals of rest I'ender 
this perception veiy uaceiijain. 

As many incorrect statements of the distance of volcanic 
activity from the sea arc circulated, either through ignorance 
of, or inattention to, the exact localities both of the volcanoes 
and of the nearest points of the coast, I shall here give the 
following distances in geographical miles (each being equal 
to about 2030 yards, or 60 to a degree):—In th#, Cordilleras 
of Quito, the volcano of Sangay, which discharges uninter¬ 
ruptedly, is situated in the most easterly direction, but its 
distance from the sea is still 112 miles. Some very intelli¬ 
gent monks attached to the mission of the Indioa Andaquies 
at the Alto Putumayo have assured me that on the upper 
Kio dela Fragiia,*^ a tributary of the Caqueta, to the eastward 
of the Ceja, they had seen smoke issue from a conical moun- 

The position of the Volcan de la Fragua, as reduced at Timana, is 
N. L. 1® 48', long. 75® 30' nearly. Compare the Carte HypBomStriqw 
des Noeuds de Montagues dans lea Cordill^res, in the large atlas of my 
travels, 1831, pi. 5, see alse pL 22 and 24, This mountain, lying 
isolated and so far to the east, ought to be visited by a geologist 
capable of determining the longitude and latitude astronomically. 



TRUE VOLCANOES. 


433 


tain of no great height, and whose distance "from the coast 
must have been 160 miles. The Mexican volcano of Jorullo, 
which was elevated above the surface in September, 1759, is 
84 miles from the nearest point of the sea-shore (see above, 
pp. 314-321); the volcano of Popocatepetl is 132 miles; an 
extinct volcano in the eastern Cordilleras of Bolivia, near S. 
Pedro de Cacha, in the vale of Yucay (see above, p. 295), 
is upwards of 180 miles ; the volcanoes of the Siebenge- 
birge, near Bonn, and of the Eifcl (see above, p. 231—238), 
are from 132 to 152 miles; those of Auvergne, Velay, and 
Vivarais,^^ distributing them into three separate groups (the 
group of the Puy de Dome, near Clermont, with the Mont 
Dore, the group of the Cautal, and the group of the Puy and 
Mezenc), arc severally 148, 116, and 84 miles distant from 
the sea. The extinct volcanoes of OloL, south of the Pyrenees, 
west of Gerona, with their distinct and sometimes divided 
lava-streams, are distant only 28 miles frori^ the Catalonian 
shores of the Mediterranean, while, on the other hand, the 
undoubted, and to all appearances very lately extinct, vol¬ 
canoes in the long chain of the Rooky Mountains, in the 
north-west of America, are situated at a distance of from 600 
to 680 miles from the shore of the Pacific. ' 

A very abnormal phenomenon in the geographical distri¬ 
bution of volcanoes is the existence in historical times of 
active, and partially, perhaps, even of burning volcanoes in 
the mountain-chain of the Thian-shan (the Celestial Moun¬ 
tains), between the two parallel chains of the Altai and the 
Kuen-lun. The existence of these volcanoes was first made 
known by Abel-R6musat and Klaproth, and I have been 
enabled, by the aid of the able and laborious investigations of 

In these three groups which, according to the old geographical 
nomenclature, belong to Auvergne, the Vivarais, and the Velay, the 
distances given in the text arc those of the northernmost parts of each 

S oup as taken from the Mediterranean Sea (between the Gtdfe d’Aiguea 
ortes and Cette). In the first group, that of the Puy de Dome, a 
crater erupted in the granite near Manzat, called Le Gour de Tazena, 
is taken as the most northerly point (Rozet, in the M6m, de la SoctH6 
O^oL de FtancCy t. i, 1844, p. 119), Farther south than the group of 
the Cantal, and therefore nearest the sea-shore, lies the email volcanic 
district of la Guiolle near the Monts d'Aubrac, north-we^t of Chirac, 
and distant scarcely 72 geographical miles from the sea. Compare the 
Carte Giologiquc de la France, 1841. 
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Stanislas Julien, to treat of them fully in my work on Central 
Asia.*® The relative distances of the volcano of Pe-shau 

^ Humboldt, Asw Centrale, t. ii, pp. 7—61, 216, and 335—864; 
Cosmos, vol. i. p. 244. The mountain-lake of Issikul, on the northern 
slope of the Thiaii-shan, which was lately visited for the first time by 
Russian travellers, I found marked on the famous Catalonian map of 
1374,* which is preserved as a treasure among the manuscripts of the 
Paris library. Strahlenberg, in his work entitled Dcr nordliche und 
. dstliche Theil von £uropa und Asieii (Stockholm, 1730, a. 327), has the 
merit of having first represented the Thian-sliau as a peculiar and inde- 
* pendent chain, without however being aware of its volcanic action. He 
gives it the very indefinite name of Mouaart, which,—as the Bolor was 
designated by the general title of Mustag, which particularizes nothing, 
and merely indicates snow,—has for a whole century occasioned an 
erroneous representation, and an absurd and confused nomenclature of 
the mountain-ranges to the north of the Himalaya, confounding meridian 
and parallel-chains with each other. Mousart is a corruption of the 
Tartaric word Mmtag, synonymous with our expression snowy chain, 
the Sierra Nevada of the Spaniards, the Himalaya in the Institutes of 
Menu,—signifying the habitation {alaya)oi snow (kirn,a), and the Sinoshaii 
of the Chinese. Klcven hundred years before Strahlenberg wrote, under 
the dynasty of Sui, in the time of Dagobert, king of the Franks, the 
Chinese possessed maps, constructed by order of the Government, of 
the countries lying between the Yellow River and the Caspian 
Sea, on which the Kuen-lun and the Thian-shan were marked. It was 
undoubtedly these two chains, but especially the first, as I think I have ' 
Bhowji in another place {Asie Centr, t. i, pp. 118—129, 194-—203, and 
t. ii, p. 413—42.5), which, when the march of the Macedonian army 
had brought the Greeks into closer acquaintance with the interior of 
.Asia, spread among their geographers the knowledge of a belt af 
mountains extending from Asia Minor to the eastern sea, from India 
and Scythia to Thinje, thus cutting the whole contiofiit into tw-o 
halves (Strabo, lib. i, p. 68, lib. xi, p. 490).' Diceearchus, and after him 
Eratosthenes, denominated this chain the elmgaied To.v/rus; the 
Himalaya chain is included under this appellation. “ That which 
bounds India on the north," we are expressly told by Strabo (lib. xv, 
p, 689), ‘'from Ariane to the eastern sea, is the extremest portions of 
the Taurus, which are separately called by the natives ParopamxsoS| 
Emodon, Imaon, and other names, but which the Macedonians call the 
Caucasus." lu a previous part of the book, in describing Bactriana and 
Sogdiaiia (lib. xi, p. 519), he says, "the last portion of tlie Taurua^ 

. which is called Irnaon, touches the Indian (eastern) Sea." The terms 
“on this side and on that side the Taurus," had reference to what was 


[* This curious Spanish map was t^e result of the great commerelai 
relations which existed at that time between Majorca and Italy, Egyt^ 
and India. See a more full notice of it in Asie Centrale, loc. . 
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(Mont Blanc) with its lava-streams, and the still burning 

believed to be a single range running east and west; that is to say, a 
parallel-chain, Strabo was aware of this, for he says, “ the Greeks call 
the half of the region of Asia looking to the north this side the Taurus, 
and the half towards the south that side** (lib. ii, p. 129), In the later 
times of Ptolemy, however, when commerce in general, and particularly 
, the silk-trade, became animated, the appellation of Imaus was trans¬ 
ferred to a meridian chain, the Bolor, as many passages of the 6th hook 
show (Aaie Centr. t. i, pp. 146—162). The line in which, parallel to the 
equator, the Taurus range intersects the whole region, according to 
Hellenic ideas, was first called by Dicajarchus, a pupil of the Stagirite, 
a Diaphragina (partition-wall), because, by means of ]>erpendicular lines 
drjxwn from it, the geographical width of other points could be measured. 
The diaphragtna was the parallel of Rhodes, extended on the west to 
the pillars of Hercules, and on the oast to the coast of Thiuic {Agathe- 
meroa in Hudson’s Geogr, Gr. Min., vol. ii, p. 4). The divisional line of 
Diccearchus, equally interesting in a geological and an orographical point 
of view, passed into the work of Eratosthenes, who mentions it in the 
8rd book of his description of the earth, in illustration of his table of 
the inhabited world. Strabo places so much imporbiiice on this direc¬ 
tion and partition line of Eratosthenes that he (lib. i, p. 66) thinks it 
possible “that on its eastern extension, which at Thinaj passes through 
the Atlantic Sea, there might be the site of another inhabited world, 
or even of several worlds although he dues not exactly predict that 
they will bo found to exist. The expression “ Atlantic Sea *’ may 
seem remarkable as used instead of the “ eastern sea,” as the south sea 
(the Pjicific) is usually called, but as our Indian Ocean, south of Bengal, 
is called in Strabo the Atlantic South Sea, so were both seas to the 
‘ SOuth-e!ist of India considered to be connected, and were frequently 
confounded together. Thus, we read, lib. ii, p. 130, “ India, the largest 
and most favoured country, which terminates at the eastern sea and 
At the Atlantic South Sea,” an<l again, lib. xv, p. 689, “ the southern 
and eastern sides of India, which are much larger than the other sides, 
run into the Atlantic Sea,” in which passage, as well as in the one 
above quoted regarding Thina) (lib, i, p. 65), the expression “ eastern sea” 
is even avoided. Having been uninterruptedly occupied since the year 
1792 with the strike and inclination of the mountain-strata, and their 
j^elation to the bearings of the ranges of mountains, I have thought 
it right to point attention to the fact that, taken in the mean, the 
equatorial distance of the Kuen-liin, throughout its whole extent, aa 
well as in its western prolongation by the Hindu-Kho, points towards 
the basin of the Mediterranean Sea and the Straits of Gibraltar (Asie 
Centr., t.’i, pp. 118—127, and t. ii, pp. 115—118), and that the sinking 
of the bed of the sea in a great basin which is volcanic, especially on 
the northern margin, may very possibly be connected with tliis up- 
, heaval and folding in. My friend, Elio de Beaumont, so thoroughly 
acquainted with all that relates to geological bearings, is opposed to 
these views on loxodromieal principles (Notice sur les SysUmes de 
. Ifonfagnce, 1852, t. ii, p. 667}* 
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igneous mountain (Hotschen) of Turfan, from the shores of 
the Polar Sea and the Indian Ocean, are almost equally great, 
about 1480 and 1520 miles. On the other hand, the distance 
of Pe-shan, whose eruptions of lava are separately recorded, 
from the year 89 of our era up to the 7th century, in Chinese 
works, from the great mountain-lake of Issikul to the descent 
of the Temurtutagh (a western portion of the Thian-shan) is 
only 172 miles, while from the more northerly situated lake 
of Balkasch, 148 miles in length, it is 208 miles distant.^ 
The great Dsaisang lake, in the neigbourhood of which 1 was 
during my stay in the Chinese Dsungarei in 1820, is 360 miles 
distant from the volcanoes of Tliian-shan. Inland waters 
arc therefore not wanting, but they are certainly not in such 
propinquity as that which the Caspian Sea bears to the still 
active volcano of Demavend in the Persian Mazenderan. 

While, however, basins of water, whether oceanic or in¬ 
land, may not be requisite for the maintenance of volcanic 
activity,—yet, if islands and coasts, as I am inclined to 
believe, abound more in volcanoes only because the elevation 
of the latter, produced by internal elastic forces, is accom¬ 
panied by a neighbouring depression in the basin of the sea,^® 
so that an area of elevation borders on an area of depres¬ 
sion, and that at this bordering-line large and deeply pene¬ 
trating fissures and rents ai'e produced,—it may be supposed 
that in the central Asiatic zone, between the parallels of 
41° and 48,° the great Aralo-Caspiau area of depression, as 
well as the large number of lakes, whether disposed in ranges 
or otherwise, between the Thian-shan and the JWtai-Kurts- 
chum, may have given rise to littoral phenomtma. We know 
from tradition that many small basins now ranged in a row 
like a string of beads {/acs a chapelvt) once upon a time 
formed a single large basin. Many large lakes are seen to 
divide and form smaller ones from the disproportion bo- y 
tween preci]ntation and evaporation. A very experienced 
observer of the Kirghis 8teppe, General Genz of Oren¬ 
burg, has conjectured that there formerly existed a water- 

See above, p. 358. 

See Arago, Sur la cause de la d'Spression d'une grande partie 
de TAsie et sur le plidnom5ne que les pentes lea plua rapidea dee, 
chaineH de montagnea sont (g^n^ralement) tourn^ea vera la mer ' 
plua voiaine, in bis Astronomic Populaire, t. iii. pp. 1266—1274. 
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eommunication between the Sea of Aral, the Aksakal, 
the Sary-Kupa and the Tsohagli. A great furrow is 
observed, running from south-west to north-east, which 
may be traced by the way of Omsk, between Irtisch and 
Obi, through the steppe of Barabinsk, which abounxls in 
lakes, towards tlic moory plains of the Samoiedes, towards 
Beresow and the shore of the Arctic Ocean. With this 
furrow is probably connected the ancient and wide-spread 
tradition of a Bitter Lake (called also the Dried' Lake, 
Hanhai) which extended eastward and southward from 
Hami, and in which a portion of the O-obi, whose salt and 
reedy centre was found by Dr. von Bunge’s careful baro¬ 
metrical measuremeixt to be only 2558 feet above the level 
of the sea, rose in the form of an island.^® It is a geological 
fact, which has not hitherto received its due share of atten¬ 
tion, that seals, exactly similar to those which inhabit the 
Caspian Sea and the Baikal in shoals, are found upwards of 
400 miles to the east of the J?aikal in the small fresh-water 
lake of Oron, only a few miles in circumference. The lake 
is connected with the Witirn, a tributary of the Lena, in 
which there are no seals.*'' The present isolation of these 
animals and their distance form the mouth of the Volga 
(fully 3600 geograpliical miles) form a remarkable geological 
phenomenon, indicative of an ancient and extensive con¬ 
nection of waters. Can it be that the numerous depressions 
to which, throughout a large tract of country, this central 
part of Asia has been exposed, have called forth exception¬ 
ally, on the convexity of the continental swelling, conditions 
similar to those produced on the littoral borders of the fis¬ 
sures of elevation ? 

From reliable accounts rendered to the Emperor Kanghi, 
.we are acquainted with the existence of an extinct volcano 
far to the east, iu the north-western Mantschurei, in the 
neighbourhood of Mergen (probably in lat. 48^° and long. 
122° 20' east). The eruption of scoriae and lava from the 
mountain of Bo-shan or Ujun-Holdongi (the Nine Hills) 

^ Klaproth, Asia Polyglotta, p. 232, and M^moires relatifs d VAmt 
.(from the Chiueae Encyclopedia, published by command of the Em¬ 
peror Kang-hi, in 17li), t. ii. p. 342 ; Humboldt, Aaie Oentrale^ t. ii, 
..pp-126 and i36—143, 

Fallas, Zoographia Rosso-Asiaticaj 1811, p. 116. 
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from 12 to 16 miles in a soutli-westerly direction from 
Margen, took place in January 1721. The mounds of scoriae 
thrown out on that occasion, according to the report of the 
persons sent by the Emperor Kanghi to investigate the cir¬ 
cumstances, were 24 geographical miles in circumference ; it 
was likewise mentioned that a stream of lava, damming up 
the water of the river UdeUn, had formed a lake. In the 
7th century of our era the Bo-shan is said to have had a 
previous igneous eruption. Its distance from the sea is 
about 420 geographical miles, similar to that of the Him- 
alaya,‘® so that it is upwards of three times more distant than 

^ It is not in the Himalaya range, near the sea (some portions of it 
between tbe colossal Kunebinjinga and Sliamalari, approach the shore 
of the Bay of Bengal within 428 and 376 geographical miles), that the 
volcanic action has first burst forth, but in the thhdy or interior, 
parallel chain, the Thian-ahan, nearly four times as far removed from 
the same shore, and that under very special circumstances, the subsi¬ 
dence of ground in the neighbourhood deranging strata and causing 
fissures. We learn from the study of the geographical works of the 
Chinese, first instigated by me and afterwards continued by my friend 
Stanislas Julien, that the Kuen-liin, the northern boundary range of 
Tibet, the Tsi-shi-shan of the Mongols, also possesses in the hill of 
Shin-Khieii a cavern emitting uninterrupted flames {Anie Ctfitrale, t. ii, 
pp. 427—467 and 483). The phenomenon seems to be quite analogous 
to the Chimsera in Lycia, which has now been burning for several 
thpnsauds of years (sec above, p. 256—7, and note 51); it is not a 
volcano, but a fire-'Spring, dilfusing to a great distance an agreeable 
odour (probably from containing naphtha ?). The Kuen-liiu which, 
like me in the Asie Centrale (t. i, p. 127 and t. ii, p. 431), Dr. Thomas 
Thomson, the learned botanist of Western Tibet {FUn^a Indica, 1855, 
p. 253), describes as a continuation of the Hindu-lAo, which is 
joined from the south-east by the Himalaya chain, approaches this 
chain at its western extremity to such a degree that my excellent 
friend, Adolph Schlagintweit, designates “the Kuen-lun and the 
Himalaya on the west side of the Indus, not as separate chains, but 
as one mass of mountains,” (Report No. ix of the Magnetic Survey 
India by Ad. Schlagintweit, 1856, p. 61), In the whole extent towatxls 
the east, however, as far as 92° 20^ east longitude, in the direction of 
the starry lake, the Kuen-liin forms, as was shown so early as the 7th 
century of onr era by minute descriptions given under the Dynasty of 
, Sai (Klaproth, Tableaux Ilistorignes de VAne^ p, 204), an independent/ 
chain running east and west parallel to the Himalaya at a distance of 
about 7^ degrees of latitude. The brothers Hermann and Robert 
Schlagintweit are the first who have had the courage and the good . 
fortune to traverse the chain of the Kuen-liin, setting otrt from 
and reaching the territory of Khotau in the months of July and Se{>- 
tember, 1856. According to their observations, which are alwa^ 
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the Volcano of Jorullo. We are indebted for these remark¬ 
able geognostic accounts from the Mantschurei to the in¬ 
dustry of W. P. Wassiljew (Geog, Bote^ 1855, Heft, v, s. 31) 
and to an essay by M. Semenow (the learned translator of 
Oarl Kitter’s great work on Geology) in the 17th vol. of the 
Proceedings of the Imperial Russian Geographical Society. 

In the course of the investigations into the geographical 
distribution of volcanoes, and their frequent occurrence on 
islands and sea-coasts, that is to say, on the margins of con-^ 
tillental elevations, the probable great inequality in the 
depth to which the crust of the earth has hitherto been 
penetrated has also been frequently brought under con¬ 
sideration. One is disposed to believe that the surface of 
the internal molten mass of the earth’s body lies nearest to 
,those points at which the volcanoes have burst forth. Rut 
as it may be conceived that there are many intermediate 
degrees of consistency in the solidifying mass, it is difficult 
to form a clear idea of any such surface of the molten 
matter; if a change in the comprehensive capacity of the 
external firm and already solidified shell, be supposed to 
be tho chief cause ot all the subversions, fissures, upheavals 
and basiu-liko depressions. If wc might be allowed to 
determine what is called the thickness ot the earth’s crust 
in an arithmetical ratio deduced from experiments drawn 
from Artesian wells, and from the fusion-point of granite, 
that is to say, by taking equal geothermal degrees of 
depth,*® we should find it to be 20 geographical miles 
or -yl^th of tho Polar diameter.®® But the influences of 

extremely careful, the highest water-shedding mountain-chain is that 
on which is situated the Karakorum pass (18,304 feet) which, stretching 
from south-east to north-west, lies parallel to the opposite southerly 
portion of the Himalaya (to the west of Dhawalagiri). The rivers 
Yarklaud and Karakaach, which form a part of the great water system 
of the Tarim and Lake Lop, rise on the north-eastern slope of the 
Karakorum chain. From this region of water-springs the traveller* 
arrived by way of Kissilkorum and the hot springs (120® F.) at tho 
small mountain lako of Kiuk-kiul, on the chain of the Kuen-liin 
which stretches east and west (Report No. viii, Agra, 1867, p. 6). 

Cosmos, vol. i, pp. 26, 167; see above, pp. 34—38. 

XTh^Q {Astron, Populuire, t. iii, p. 248) adopts nearly the same 
thickness of the earth's crust, namely, 40,000 metres, or about 23 
miles ^ Elie de Beaumont {Systimes dt Montagnes, t. iii, p. 1237), cal- 
otilates the thickness at about -J- more. The oldest calculation is that 
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the pressure and of the power of conducting heat exercised 
by various kinds of rock, render it likely that the geo¬ 
thermal degrees of depth increase in value in proportion as 
the depth itself increases. 

Notwitlistanding the veiy limited number of points at 
which the fused ■ interior of our planet now maintains an 
active communication with the atmosphere, it is still not 
unimportant to inquire in what manner and to what extent 
the volcanic exhalations of gas operate on the chemical 
composition of the atmosphere, and through it, on the or¬ 
ganic life developed on the earth’s surface. We must, in the 
first place, bear in mind that it is not so much the summit- 
craters themselves as the small cones of ejection and the 
fumaroles, which occupy large spaces and surround so many 
volcanoes, that exhale gases,—and that oven whole tracts of 
country in Iceland, in the Caucasus, in the high land of 
Armenia, on Java, the Galapagos, the Sandwich Islands and 
iS'ew Zealand, exhibit a constant state of activity through 
solfataras, najihtha-springs, and salscs. Volcanic districts, 
which are now reckoned among those which are extinct, are 
likewise to be regarded as sources of gas, and the silent 
working of the subterranean forces, whether destructive 
or formative, within them is, with regard to quantity, pro¬ 
bably more productive than the great, noisy, and more rare 
enrptions of volcanoes, although their lava-fields continue to 
smoke either visibly or invisibly for. years at a time. If it 
be said that the elfects of these small chemical processes 
can be but little regarded, for that the immens*^ volume of 
the atmosphere, constantly kept in motion by currents of 
air, could only be affected in its primitive mixture to a veiy 
small extent through means of such apparently unimportant 
additions,®^ it will be necessary to bear in mind the powerful 

of Cordier, in mean value 56 geographical milen, an amount whicb^ 
according to Hopkins's mathematical theory of stability, would have- 
to be multiplied fourteen times, and would pve between 688 and* 
860 geographical miles. I quite concur on geological grounds in th^ 
doubts raised by Naumann in hie admirable Lehrbueh dtr Geognom. 
(voL i, p. 62—64, 73—76 and 289), against this enormous distance of 
the fluid interior from the craters of the active volcanoes, 

A remarkable example of the way in which perceptible changes 
of mixture are produced in nature by very minute, but continuous^ 
accumulation is afforded by the presence of silver in sea-water, 
y^hich was discovered by Malaguti and confirmed by Field. Not-, 
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influence exerted^ according to the admirable investigations 
of Percival, Saussiire, Boussingault and Liebig, by three oi 
four ten-thousandth parts of carbonic acid in our atmo¬ 
sphere on the existence of the vegetable organism. Prom 
Bunsen’s excellent work on the different kinds of volcanic 
gas, it appears that among the fumaroles of different stages 
of activity and local diversity, some (as for example at Hecla) 
yield from 0.61 to 0.83 of nitrogen, and in the lava-streams 
of the mountain 0.78, with mere traces (0.01 to 0.02) of 
carbonic acid, while others in Iceland, as for instance near 
Krisuvik, on the contrary, yield from 0.8(! to 0:87 of car¬ 
bonic acid, with scarcely 0.01 of nitrogen.®^ Wo find like¬ 
wise in the impoidiant work on the emanations of gas in 
Southern Italy and Sicily by Charles Sainte-Claire Beville 
and Bomemann, that there is an immense propoition of 
nitrogen gas (0.08) in the exhalations of a fissure situated 
low down in the crater of Vulcano, while the sulphuric 
acid vapours show a mixture of 74.7 nitrogen gas and 18.5^ 
oxygen, a proportion which approaches pretty nearly to the 
composition of the atmospheric air. On the other hand the 
gas which rises from the spring of Acqua Santain Catania 
is pure nitrogen gas, as was also the gas of the A'^olcancifcos 
de Turbaco at the time of my American journey,*^ 

Are we to conclude that the great quantity of nitrogen- 
dispersed through the medium of volcanic action consists off 
that alone which is imparted to the volcanoes by meteoric 
water ?—or are there internal and deeply-seated sources of 
nitrogen ? It must also be borne in mind that the air dis^- 
solved in rain-water does not contain, like the atmosphere, 
0.79 of nitrogen, but according to my own experiments, onljr 

withstanding the immense extent of the ocean and the trifling 
amount of surface presented to it by the ships which traverse it, 
'yet the trace of silver in the sea-water has in recent times become 
observable on the copper-sheeting of ships, 

Bunsen, Vther die ekemischen Prozeese der vullcanischen Gesteim- 
hildtmffen in Poggend. Annalen, Bd. Ixxiiii, s. 24‘2 and 246. 

Comptee reiidm de tAcad, dee Sciences, t, xliii, 1856,. pp. 366 
and 689. The first correct analysis of the gas which rushes with noise 
from the great solfatara of Pozzuol4 and which was collected with 
great difficulty by M. Ch. St.-Claire Deville, gave the following results : 
--*sulphurous acid {acide aulfureux) 24.5,—oxygen 14.5,—and nitrogen 
81.4. 

‘.uM See above, pp. 211* 218. 
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0.69. Nitrogen ia a source of increased fertility,®® by the 
formation of ammonia, through the medium of the almost 
daily electrical explosions in tropical countries. The influ¬ 
ence of nitrogen on vegetation is similar to that of the sub¬ 
stratum of atmospheric carbonic acid. 

In analysing the diflerent gases of the volcanoes which 
lie nearest to the equator (Tolima, Purac6, Pasto, Tuqueres 
and Cumbal) Boussingaulthas discovered, along with a great 
deal of aqueous vai)our, carbonic acid and sulphuretted 
hydrogen gas, but no muriatic acid, no nitrogen and no free 
hydrogen.®® Tlie influence still exercised by the interior of ^ 
our planet on the chemical composition of the atmosphere 
in withdrawing this matter in order to give it out again 
under other forms, is certainly but an insignificant part of 
the chemical revolutions which the atmosphere must have 
undergone in remote ages on the eruption of gieat masses of 
rock from open fissures. The conjecture as to the probability 
of a very large j)ortion of carbonic acid gas in the apeient 

Bouasingault, Economie rurale (1851), t. ii, p. 724—726;— 
permanency of sti^ruis in the interior of the atmosphere (within the 
tropics) is an interesting fact, being connected witli one of the most 
important questions in the physical history of the globe, namely, that 
of the fixation of the nitrogen of the air in organised beings. When¬ 
ever a series of electric sparks passes through the humid atmosphere, 
the production and combination of nitric acid and ammonia take place. 
The nitrate of ammonia uniformly accompanies the rain during a storm, 
and being by nature fixed, it cannot maintain itself in the state of 
vapour; carbonate of ammonia is found in the air, and^he atnmonia 
of the nitrate is carried to the earth by the rain. Thus it appears, in 
fact, to be an electric action which disposes the nitrogen of the atmo¬ 
sphere to become assimilated by organised beings. In the equlnoxial 
zone, throughout the whole year, every day, and probably even every 
moment, there is a continual successi(Jti of electric discharges going on^. 
An observer, stationed at the equator, if he were endowed with organa' 
sufficiently sensitive, would hear without intermission the noise of thun-^ 
der." Sal ammoniac, however, together with common salt, are froxtt 
time to time found as products of sublimation, even in lava-stresnis,—• 
on Hecla, Vesuvius, and Etna, in the volcanic chain of Guatemala (the 
voloano of Izalco), and above all in Asia in the volcanic chain of the 
Thian-ihan. The inhabitants of the country between Kutsch, Turfan,* 
and Hami pay their tribute to the Emperor of China in oertaiil years 
in sal ammoniac (in Chinese nao-sha^ in Persian mb»haden)i which is an< 
important article of internal trade. (Aaie Centrales t. ii, pp. 88, 45,'* 
and 428.). 

« Viajei de BoumngauU (1849) p. 78. , ' > ' 
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aeriform envelope is strengthened by a comparison of the 
thickness of the present seams of coals with, that of the 
thin coal-strata (seven lines in thickness) which, according 
to Chevandier’s calculations, our thickest woods in the 
temperate zone would yield to the soil in the course of 
100 years.” 

In,the infancy of geognosy, previous to iDolomieu’s ingenious 
conjectures, the source of volcanic action was not placed 
below the most ancient rock-formations, which were then 
generally supposed to ho granite and gneiss. Posting on 
some feeble analogies of inflammability, it was long believed 
that the source of volcanic eruptions, and the emanations of 
gas to which they for many centuries give rise, was to be . 
sought for in the later, upper-silurian floetz-strata, containing 
combustible matter, A more general acquaintance with 
the earth’s surface, profounder and more strictly conducted 
geological investigations, together with the beneficial influence 
which the great advances made by modern chemistry have 
exercised on the study of geology, have taught us that the 
three groat groups of volcanic or eruptive rock (trachyte, 
phonolite, and basalt), when viewed as large masses, appear 
when compared together to be of different ages, and for the 
most part widely separated from each other. All three, how¬ 
ever, have come later to the surface than the Plutonic gra¬ 
nite, the diorite, and the quartz-porphyry,—- later than all the 
Silurian, secondary, tertiary, and quartary (pleistocene) for¬ 
mations,—and that they frequently traverse the loose stmta 
of the diluvial formations and bone-breccias. A striking 
variety®® of these intersections, compressed into a small space, 
is exhibited, as we learn from Kozet’s observations, in Ati- 
vergne. While the great trachytic mountain-masses of the 
Cantal, Mont-Dore, and Puy de D6me, penetrate the granite 

J 

*7 Co^os, vol. 1 , pp. 283—5. 

Aozet, Memoive aur lea Volcana d^Au'aergne, in the MSnioit6s de la 
Soc, OSoL de Francej 2me t. i, 1844, pp. 64 and 120—130:—“ The 
baealts (like the trachytes) have penetrated through the gneiss, the 
granite, the coal formations, the tertiary formations, and the oldest- 
diluvian beds. The basalts are even frequently seen overlying maaaes 
of basaltic boulders; they have issued from* an infinite number of > 
openings, several of which are still perfectly recognisable. Many of, 
them exhibit cones of scoriae more or leas considerable, but nowhere do 
we find craters similar to those which have given out streams of lava.’^ 
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itself, and at the same time enclose in some parts (for ex¬ 
ample, between Vic and Aurillac, and at the Giou de Mamon) 
large fragments of gneiss®® and limestone, we find also the 
trachyte and basalt intersecting as dykes the gneiss, and the ' 
coal-beds of the tertiary and diluvial strata. Basalt and 
phonolite, closely allied to each other, as the Auvergne and the 
central mountjiins of Bohemia prove, are both of moi'e recent 
formation than the trachytes, which are frequently tra¬ 
versed in layers by basalts.®* The phonolites arc, on the 
other hand, more ancient than the basalts ; where they pro¬ 
bably never form dykes, but on the contrary dykes of basalt 
frequently intersect the })orphyrJtic-schist (phonolite). In 
the chain of the Andes belonging to Quito, I have found the 
basalfc-fonnation a great distance apart from the prevailing 
trachytes; almost solely at the Rio Pisque and in the valley 
of Guaillabamba.®^ 

As in the volcanic elevated plain of Quito everything is 
covered with trachytes, trachytic-conglomerates, and tufas, it 
was my most earnest endeavour to tliscover, if possible, some 
point at which it might be clearly seen on which of the older 
rocks the mighty cone and bell-shaped mountains are placed, 
or, to speak more precisely, through which of them they 
had broken forth. Such a point I was so fortunate as to 
discover in the month of Jxme 1802, on my way from Bio- 
bamba Nuevo (9483 feet above the surface of the South 
Pacific) when I attempted to ascend the Tungaragua on the 

Resembling the granitic fragments imbedded in th.^ trachyte of 
Jorullo. See above, p, 321. 

^ Also in the Eifel, according to the important testimony of the 
mine-director, Von Dechen. See above, p, 237, 

See above, p. 333. The liio de Guaillabamba flows into the 
Rio de las Ksmeraldas. The- village of Guaillabamba, near which I 
found the isolated olivioiferous basalt, is only 6430 feet above the level 
of the sea. An intolerable heat prevails in the valley, which is still 
more intense in the Valle de Chota, between Tusa and the Villa de 
Ibarra, the sole of which sinks to 6288 feet, and which is rather a chasm 
than a valley, being scarcely 9600 feet wide and 4800 feet deep (Hum¬ 
boldt, Eer. d* Observations AstronomiqueSj vol. i, p. 307), The rubbish- 
meeting Volcan de Ansaugo, on the descent of the Antisana, does not 
belong to the basalt-formation at all; it is an oligoclase-trachyte resem¬ 
bling basalt (compare, for the distances, Antagonisme des Basaltes et dee 
Trachytes, my Essai G^ognoatique aur le ghement dea B^chea, 1823, pp. 
348 and 359, and generally, pp. 327—336). 
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side of the Cuchilla de Guandisava. I proceeded from the 
delightful village of Penipe over the swinging rope-bridge 
{puente de maromd) of the Rio Puela to the isolated Ha¬ 
cienda de Guansce (7929 feet), where to the south-east, op¬ 
posite the point at which the Rio Blanco falls into the Rio 
Chambo, rises a splendid colonnade of black trachyte resem¬ 
bling pitch-stone. It looks at a distance like the basalt- 
quarry at Unkel. At Chimborazo, a little higher than the 
basin of Yana-Cocha, I saw a similar group of trachyfic 
columns of greater height but less regularity. The columns to 
the south-east of Penipe are mostly pentagonal, «nly 14 inches 
in diameter, and frequently bent and diverging. At the foot 
of this black trachyte of Penipe, not far from the mouth of 
the Rio Blanco, a very unexpected phenomenon presents 
itself in this part of the Cordilleras;—greenish-white mica- 
slate with garnets interspersed in it, and farther on, beyond 
the shallow .stream of Bascaguan, at the hacienda of Guansce, 
near the shore of the Rio Puela, and probably dipping be 
low the mica-slate granite of a middling-sized grain, wirti 
light reddish felspar, a small quantity of blackish gi*een mica 
and a great deal of greyish white quaitz. There is no hom- 
blend, nor is there any syenite. Thus it appears that the 
trachytes of the volcano of Tungurahua, resembling those 
of Chimborazo in their mineralogical condition, that is to 
say, consisting of a mixture of oligoclase and augite, 
have here penetrated granite and mica-slat.e. Farther 
towards the south, and a little to the cast of the road 
leading from Riobamlta Nuevo to Guamote and Tiesan, in 
that part of the Cordilleras which recedes from the sea-shore, 
the rocks formerly called primitive, mica-slate and gneiss, 
make their appearance everywhere, towartls the foot of the 
colossal altar do los Collanes, the Cuvillan, and the Paramo 
del Hatillo. Previous to the arrival of the Spaniards; and 
even before the dominion of the Incas extended so far to the 
north, the natives are said to have worked metalliferous 
*beds in the neighbourhood of the volcanoes. A little to the 
south of San Luis numerous dykes of quartz are observed 
running through a greenish clay-slate. At Guamote, at the 
entrance to the graasy-plain of Tioeaxa, we found large masses 
of rock consisting of quartzites very poor in mica, of a dis¬ 
tinct linear parallel structure, running regularly at an angle 
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of 70 degrees to the north. Farther to the south at Ticsan, 
not far from Alausi, the Cerro Ouello de Ticsan shows 
large masses of sulphur imbedded in a layer of quark;, 
subordinate to the neighbouring mica-slate. So great a divi¬ 
sion of quartz in the neighbourhood of trachytic volcanoes 
appears*at first sight somewliat strange. The observations 
which I made, however, of the overlying, or rather of the 
breaking forth of trachyte from mica*slate and granite at the 
foot of the Tungurahua (a phenomenon whicli is as rare in 
the Cordilleras as in Auvergne) have been confirmed, after an 
interval of 47 years, by the admirable investigations of the 
French geologist Sebastian Wisse at the Sangiiy. 

That colossal volcano, 1343 feet higher than Mont-Blano, 
entirely destitute of lava-streams (which Charles Deville de¬ 
clares are also wanting in the equally active Stromboli) but 
ejecting uninterruptedly, lat least since the year 1728, a black, 
and frequently brightly glowing rock, forms a trachytic- 
island of scarcely 8 geographical miles in diameter®^ in the 
midst of beds of granite and gneiss. A totally opposite 
condition of stratification is exhibited in the volcanic district 

Sdbastien Wisae, Exploration du Volcan de Sangay, in the Compter 
rendm de VAcad. des Sciences, t. xxxvi, 1853, p. 721; comp, also above, 
p. 251. 

According to Bouaaingaultj, tlie ejected fragments of trachyte brought 
hoqie by Wia,se and collected on the upper descent of the cone (the 
traveller readied an elevation of 960 feet below the sumuiit, which is 
itself 485 feet in diameter), consist of a black, pitch-like fundamental 
maaa, in which are imbedded crystals of glassy ('/) felspar. It is a very 
remarkable phenomenon, and one which up to the presoat time seems 
to stand alone in the history of volcanic ejections that, alofi^ with these 
large black pieces of trachyte, small sharp-edged fragments of pure 
quartz are thrown out. According to a letter from my friend Boussin- 
gault, dated January 1851, these fragments are no longer than 4 cubio 
centimetres in bulk. Ko quartz is found disseminated in the traohytio 
mass itself. All the volcanic trachytes which I have examined in the 
cordilleras of South America and Mexico, and even the trachytic por¬ 
phyries in which the rich silver veins of Real del Monte, Moran and 
Regia are contained, to the north of the elevated valley of Mexico, ara 
entirely destitute of quartz. Notwithstanding this seeming antagonism, 
however, of quartz and trachyte in still-active volcanoes, I am by no 
means inclined to deny the volcanic origin of the iroAihpits ei porphy* 
res mevklUres (mill-stone trachytes)” to which Beudant first drev? atten¬ 
tion. The mode, however, in which these are formed, being oruptecL 
from fissures, is entirely different from the formation of the conical and 
dome-like trachyte structures. 
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of Eifel, as I have already observed, both from the activity 
which once manifested itself in the Maara (or mine-funnels) 
sunk in the Devonian-schist, and that shown in the raised 
structures from which lava-streams flow, as on the long ridge 
of the Mosenborg and Gerolstein. The surface does not here 
indicate what is hidden in the interior. The absence of tra¬ 
chyte in volcanoes which were so activie thousands of years 
ago, is a still more striking phenomenon. The augitiferous 
scorite of the Mosenberg, wliich partly accompany the basaltic 
lava-stream, contain small burnt pieces of schist, but no 
fragments of trachyte, and in the neighbourhood the tra¬ 
chytes are absent. This species of rock is oidy to bo seen 
in the Eifel in a state of entire isolation®^ far from the Maars 
and lava-yielding volcanoes, as in the Scllberg at Quiddeh 
bach, and in the rnoiintain-chain of Rcimcrath. Thedifierent 
nature of the formations through which the volcanoes force 
their way so as to operate with power on the outer crust of 
the earth is geologically us important as the material which 
they throw out. 

The conditions of configuration in those rocky structures 
through whioli volcanic action manifests itself, or has en¬ 
deavoured to do so, have at length been in modern times far 
more comjdetely investigated and described in tJieir often 
very complicated variations in the most distant quarters of 
the globe than in the previous century, when the entire 
morphology of volcanoes was limited to conical and bell- 
flhaped mountains. There are many volcanoes whose confi¬ 
guration, altitude and range (what the talented Carl Erie*- 
drich Naumann calls the geotectonics),®* we now know in 
the most satisfactory manner, while we continue in tlie 
greatest ignorance regarding the composition of their diffe¬ 
rent rocks and the association of the mineral species which 
characterise their trachytes, and which are recognisable 

See above, pp. 232—6, 

W The fullest information we poseess on any volcanic district, founded 
on actual measurementB of altitudes, angles of inclination, and profile 
views, is contained in the beautiful woi-k of the Astronomer of Olmutz, 
Julius Schmidt, on Vesuvius, the solfatara, Monte Nuovo, the Astroni, 
Bogca Monfina and the old volcanoes of the Papal territory (in the Al¬ 
banian Mountains, Lago Bracciano, and Lago di Bolsena). See bis hyp- 
aometrical work, I>ie Eruption dca Vemva im Mai, 1855, with Atla$, 
plates iii, iv, is. 
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apart from the principal mass. Both kinds of knowledge, 
however,—the morphology of the rocky piles and the oryc- 
tognosy of their composition,—are cquaUy necessary to the 
perfect understanding of volcanic action; nay, the latter, 
founded on crystallisation and chemical analysis, on account 
of the connection with plutonic rocks (pori)hyritic quartz, 
greenstone and serpentine) is of even greater geognostic im¬ 
portance. The little we believe we know of what is called 
the volcanicity of the Moon depends too, from the very na¬ 
ture of the knowledge, on configuration alone®®. 

The progressive perfection of oiir acquaintance with the formation 
of the surface of the Moon as derived from numerous observer,s, from 
Tobias Ma 3 'er down to Luhrniaun, Miidler and Julius Schmidt, has 
tended on the whole gather to diminish than to strengthen our belief 
in great analogies between the volcanic structures of the earth and 
those of the moon; not so miKih on account of the conditions of di¬ 
mension and the early recognised ranging of so many ring-shaped 
mountains, as on account of the nature of the rills and of the system of 
rays which cast no shadows (radiations of light) of more than 400 miles 
in length and from 2 to 16 miles in breadth, as in Tycho, Copernicus, 
Kepler and Aristarchus. It is reniaikable,however, that Galileo, in his 
letter to Father Christoph Grienberger, Stillc m.on1nosita della jAtna, 
should have thought of comparing annular mountains, whose diameter 
he considered greater than they actually are, to the circumvallated 
district of Bohemia, and that the ingenious llobert Hooke in his 
^‘Micrography” attributes the typo of circular formation almost uni¬ 
versally prevalent on tlie moon to the reaction of the interior of its 
body on the exterior (vol. ii, p. 701, and vol. iv, p. 496). With res])ect 
to-the annular mountain ranges of the moon, i have been of late much 
interested with the relation between the height of the central mountain 
and that of the ciroumvallation or margins of the cratcr^as well as by 
the existence of parasitic craters on the circuravallation* itself. The 
result of all the careful observations of Julius Schmidt, who is occupied 
with the continuation and completion of Tiohrmann’s Topography of 
the Moon, establishes “that no single central-mountain attains the 
height of Jhe wall of its crater, but that in all cases it probably even 
lies together with its summit considerably below tliat surface of the, 
moon from which the crater is erupted. While the cone of ashes in the 
crater of Vesuvius which rose on the 22nd of October 1822, according 
to Brioschi's trigonometrical measurement, exceeds in height the Punta 
del Palo, the highest edge of the crater on the north (618 toises above 
the sea), by about 30 feet, and was visible at Naples, many of the 
central mountains of the moon, mesisured by Miidler and the Olmiitz 
Astronomer, lie fully 6400 feet lower than the mean margin of cir- 
cumvallation, nay, even 100 toises below what may be taken as 
the mean surface-level in that part of the moon to which they respecr 
tively belong (Miidler, in Schumacher's Jcdirbuch fVt/r 1841, pp. 272 and 
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If, as I would fain hope, what I here propound regarding 
the classification of tJie volcanic rocks ; or, to speak more 
precisely, on the arrangement of the trachytes according to 
their composition, excites any particular interest, the merit 
of this classification is entirely due to my friend and Sibe¬ 
rian fellow-traveller, Gustav Rose. His accurate observa¬ 
tion of nature, and the happy combination which he possesses 

274, and Jul. Schmidt; Dcr Mond, 1S56, s. (52). In general, the central 
mountains, or central mountain-massea of the moon have several sum¬ 
mits, as in Theophilus, Petavius ajid Bulliald. In Copernicus there are 
6 centx’al mountains, and Alphonsus alone exhibits a true central sharp 
pointed peak. This state of things recalls to mind the Astroni in the 
Phlegriean fields, on whose dome-formed central masses Leopold von 
Buch justly lays much stress. “These masses,'* he says, “liko those 
in the centre of the annular mountains of the moon, did not break forth. 
There existed no permanent connection with the interior,—no volcano, 
but they rather appeared like models of the great trachytic unopened 
domes so abundantly dispersed over the earth's crust, such as the Piiy 
<le iJdino and Cliunbora/o.” (PoggendorfFs Annaleiif Bd. xxxvii, 1836, 
p. 183.) The circumvallation of the Astroni is of an elliptic form, closed 
all round, and rises in no jjart higher than 830 feet above the level of 
the sea. The toj^s of the central summits lie more than C60 feet lower 
than the maximum of the south-western wall of the crater. The sum¬ 
mits form two parallel ridges, covex'ed with thick bushes (Julius Schmidt, 
£ruptwn des Fewurj. s. 147, and JJer Mond, s, 70 and 103). One of 
the most remarkable objects, however, on the whole surface of the moon 
is the annular mountain-range of l*otavius, in which the whole internal 
floor of the crater expands convexly in the form of a tumour or cupola, 
and is crowned besides with a central mountain. The convexity hftr® 
Is a permanent form. In our terrestrial volcanoes the flooring of the 
crater is only temporarily raised by the force of internal vapours some¬ 
times almost to the height of the margin of the crater, but as soon as 
the vapours force their way through, the floor sinks down again. The 
largest diameters of craters on the earth are,—the Caldeira de Fogo, ac¬ 
cording to Charles Deville 4100 toises (4'32 geographical miles) and the 
Caldeira de Palma, according to Leop. v, Buch 3100 toises, while on 
the moon, Theophilus is 50,000 toises, and Tycho 45,000 toises, or 
respectively, 52 and 45 geogr, miles in diameter. Parasitic craters, 
erupted from a marginal wall of the great crater, are of very frequent 
occmrence on the moon. The .base of these parasitic craters is usually 
ompty, Its on the great rent margin of the Maurolycus; sometimes, but 
more rarely, a smaller central mountain, perhaps a cone of eruption, ia 
aeen in them, as in Logomontanns. In a beautiful sketch of the 
crater-system of Etna, which my friend Christian Pctei-a the Astro¬ 
nomer (now in Albany, North-America) sent me from Flensburg in 
August 1854, the parasitic marginal crater, called the Poxzo di Fuoco, 
which was formed in January 1833, on the east-south-east side, and 
which had several violent eruptions of lava, is distinctly recognisable. 

VOL. V. 2 a 
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of chemical, ciystallo-mincralogical and geological knowledge, 
have rendered him peculiarly well qualified to promulgate new 
views on that set of minerals whose varied, but frequently 
recurring association is the product of volcanic action. This 
great geologist, partly ut my instigation, has with the 
greatest kindness, especially since the year 1834, i*epeatedly 
examined the fragments which I brought from the slopes of 
the volcanoes of New Granada, los Pastes, Quito, and the 
high land of Mexico, and compared them with the spe¬ 
cimens from other parts of the globe contained in the rich 
mineral-collection of the Berlin Cabinet. Before my collec¬ 
tions were separated from those of my companion Aim6 Bon*- 
pland, Leopold von Buch had examined them microscopically 
with persevering diligence (in Paris, 1810—1811, between 
his return from Norway and his voyage to Teneriffe), He 
had also, at an earlier period, during my residence with Gay 
Lussac at Komc (in the Summer of 1805) as well as after¬ 
wards in Prance, made himself acquainted with Avhat I had 
noted down in my travelling journal on the spot, in the 
month of July 1802, respecting certain volcanoes, and in 
general on the affinity between volcanoes and certain porphy¬ 
ries destitute of quartz®®. I preserve as a memorial which I 

®® The unspecific and indefinite term “trachyte*' (Rauhstein), which 
i&mow so generally applied to the rock in which the volcanoes break 
out, was first given to a rock, of Auvergne, in the year 1822 by Hauyia 
the second edition of his Traits de Mineralogic, vol. iv, p. 579, with a 
mere notice of the derivation of the word and a short description in 
which the older appellations of granite ckaiiffe emplace of Desmareta), 
trap-porphyry and doniito are not even mentioned. ft was only by 
oral communication, ori^uating in Hauy’s Lectures in the Jardin des 
Plantes, that the terra “ trachyte ” was propagated previous to 1822, for 
example, in Leopold von Buck’s treatise on basaltic islands and craters 
of upheaval, published in 1818, in Daubuisson’s TraiiS de MinSvalogie^ 
1819, and in Beudant’a important work, Voyage en Hongrie. From 
letters lately received by me from M. Elie de Beaumont, I find that 
the recollections of M. Delafosse, formerly Aide-Naturaliste to Hauy, 
and now Member of the Institute, fix the application of the term 
chyte '* between the years 1813 and 1816. The publication of the term 
**'domite“ by Leo]). v. Buch, seems according to Ewald, to have occurred 
-in the year 1809; it is first mentioned in the third letter to' Karsten 
{Geognost, Beohacht. avuf Reisen durch Deutechl. undItaUen^'B^AXt 1809, 
s. 244). “ The porphjay of the Puy de D6me,” it is there stated, “is 
> peculiar, and hitherto nameless rock, consisting of crystals of fel- ^ 
tp.ar with a glassy lustre, hornblende and small lamineo of black mie^ 
In the clefts of this kind of rock, which I provisionally term domit©. 



TRUE VOLCANOES. 


461 


consider invaluable, some sheets with remarks on the volcanic 
products of the elevated plateaux of Quito and Mexico, which 
the great geologist communicated to me for my information 
more than 46 years ago. Travellers, as I have elsewhere® 
said, being merely the bearers of the imperfect knowledge of 

I find beautiful drusic cavities, the walla of which are covered with 
crystals.of iron-glance. Through the whole length of the Puy, conea 
of domite alterncLte with cones of cinders.” The second volume of 
the Travels, containing the letters from Auvergne, was printed in 1806, 
but not published till 1809, so tliat the publication of the name of 
domite properly belongs to the latter year. It is singulai* that four 
years later, in Leopold von Buch’s treatise on the trap-porphyry, 
domite is not even uientioncd.—In referring to a drawing of the pro¬ 
file of the Cordilleras, contained in the journal of my travels in the 
month of July 1802, and included between the *Jth degi’ee north and 
4th degree south latitude under the inscription “Affinite entre le feu 
volcanique et les porphyres,” my only object was to mention that this 
profile, which represents the three breakings through of the volcanic 
groups of Topayan, Los Tastos and Quito, as well as the eruption of 
the trap-[)orphyry in the granite and mica-slate of the Paramo do 
Asauay (on the great road from Cadlud, at a height of 15,526 feet), 
lod Leopold von Buch, too kindly and too distinctly, to ascribe to 
me the merit of having first noticed ‘^that all the volcanoes of tho 
chain of the Andes have their foundation in a poi'phyry which is a 
peculiar kind of rock and belongs essentially to the volcanic forma¬ 
tions” {Ahhandlm^ijett der Akliademie der zu Bei'Un, aus-den 

Jahi'cn, 1812—1813, s. 131, 151 and 153). I may indeed have noticed 
the phenomenon in a general way, but it had already, as early as 17^9, 
been remarked by Nose, whose merits have long been too little appre¬ 
ciated, in his Orographical Letters, that the volcanic rock of the Sie- 
bengebirge is “a peculiarly Rhenish kind of por])hyry, closely allied 
to basalt and porphyritic schist.” He says “that this formation is 
especially chaiactcrised by glassy felspar,” which he proposes should 
be called sauidine, and that it belongs, judging from the age of its 
formation, to the middle floetz-rocks {Niederrhemnche Rdse, Th. i, 
8. 26, 28 and 47 ; Th. ii, s. 428). I do not find any grounds for 
Leopold von Buch's conjecture that Nose considered this porphyry- 
formation, which he not very happily terms granite-porphyry, as 
well aa the basalts, to be of later date than the most recent fioetz- 
rocks. “The whole of this rock,” pays the great geologist, so early 
removed from among us, “ should be named after the glassy felspar# 
(therefore sanidine-porphyry) had it not already received the name of 
trap-porphyry” (Ahh, der fieri, AJead, aus den J, 1812—13, a. 134), 
The history of the systematic nomenclature of a science is so far of 
impoi'tance as the succession of prevalent opinions is found reflected 
in it, 

^ Humboldt, Kleiners Schriften, Bd. i, Vorrede, s. iii.—v. 
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their aefe, and their observations being deficient in many of 
the leading ideas, that is to say, those discrimmatmg marics 
which are the fruits of an advancing knowledge, the mate- 
rials which have been carefully collected and geographically 
arranged, will almost alone maintain an enduring value. 

To confine the term trachyte, as is frequently done (on 
account of its earliest application to the rocks of Auvergne 
and of the Siebengebirge, near Bonn) to a volcanic rock con¬ 
taining felspar, especially Werner’s vitreous felspar, Noses 
and Abich’s sanidine, is fruitlessly to break asunder that m- 
timate concatenation of volcanic rock which leads to higher 
geological views. Such a limitation might justify the ex¬ 
pression “ that in Etna, so rich in labradorite, no trachyte 
occurs” Indeed my own collections arc said to prove that 
“ no sint^le individual of the countless volcanoes of the Andes 
consists of trachyte; that in fact the subtance of which 
they are composed is albite, and that therefore, as oligoclase 
was at that time (1835) always erroneously considered to be 
albite, all kinds of volcanic rock should be designated an¬ 
desite (consisting of albite with a small quantity of horn¬ 
blende)”.*® Gustav Rose has taken the same view that imy- 
Belf adopted, from the impressions which I brought back 
with me from my journeys, on the common nature of all vol- 
cahoes, notwithstanding a mincralogical variation m their in¬ 
ternal composition ; on the principle developed in his admi¬ 
rable essay on the felspar groups, “ in his classifiration of 
the trachytes, he generalizes orthoclase, sanidiim, the anor- 
thite of Mount Somma, albite, labradorite and ofcgoclase, as 
forming the fclspathic ingredient of the .rocks. 

Brief appellations which are supposed to contain definitions 
lead to many obscurities in orology as well as in chemistry. I 
was myself for a long time inclined to adopt the expressions 
orthoclase-trachytes, or labrador-trachytes, or oligoclase-tra- 


«L^op. V. Buch in Poggend, Annahn, Bd. xxxyil, 1836, a 188, 190. 
« Guatav Rose in Gilbert's Annalen, Bd. Ixxiii, 1823, a. 173, ana 

Annales de Cliimieet de Physique, t. xxiy, 1823 p. J“ 

first held by Breithaupt as a new Inmer.al species (1 oggendorff s Annalen, 
Bd viii 1826, s. 238). It afterwards appeared that oligoclase was iden¬ 
tical with a mineral which Berzelius had observed in a granite dyke 
rcating upon gneiss near Stockholm, and which, on account of the re¬ 
semblance in Its chemical composition he had called • Natron Spodu- 
tnen.” (Poggendorffi Annal, Bd. ix, 1827, ■. 281). i j 
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chytes, thus comprehending the glassy felspar (sanidine), on 
account of its chemical composition, under the species ortho- 
clase (common felspar). The terms were at least well-sound¬ 
ing and simple, but their very simplicity must have induced 
error, for though labrador-trachyte points to Etna and to 
Stromboli, yet oligoelase-trachyte, in its important twofold 
combination with augite and hornblende, would erroneously 
connect the widely diifused and veiy dissimilar formations 
of Chimborazo and the volcano of Toluca. It is the asso¬ 
ciation of a felspathic clement with one or two others which 
here forms the characteristic feature, as it does in the forma¬ 
tion of some mineral-dykes. 

The following is a view of the divisions into which GustaV 
Rose, subsequently to the winter of 1852, distributes the 
trachytes, in reference to the crystals enclosed in them, and 
separately recognisable. The chief results of this work, in 
which there is no confounding of oligocla&e with albite, wera 
obtained ten years earlier; when my friend discovered, in 
the course of his geogiiostic investigations in the * Riesenge- 
birge, that the oligoclasc there formed an essential ingredient 
of the'granite, and his attention being thus directed to the 
importance of oligoclase as an ingredient of that rock, he 
was induced to look for it likewise in other rocks.’’® This 
examination led to the important result (Poggend, Ann. 
Bd. Ixvi, 1845, s, 109) that albite never forms a part in the 
mixed composition of any rock. 

First division. The principal mass contains only crystals 
of glassy felspar, which are laminar, and in general large* 
Hornblende and mica either do not occur in it at all, or in 
extremely small quantity, and as an entirely unessential ad¬ 
mixture. To this division belongs the trachyte of the Phle- 

^ See Gustav Roae on tlio granite of the Riesengebirge, in Poggen- 
dorfF's Ann. Bd. Ivi, 1842, r. 617. Berzelius had found the oligoclase, 
hia “ Natron Spodumen,” only in iv dyke of granite ; in the treatise just 
cited it is for the first time spoken of as an ingredient in the composi¬ 
tion of granite (the mineral itself). Oustav Rose here determined the 
oligoclase according to its specific gravity, the greater proportion of 
lime contained in it as compared with albite, and its greater fusibility. 
The same compound with which he had found the specific gravity to 
be 2.682 was i^nalysed by Rammelsberg (Handworterhibch dcr 
Bupplem. i, s. 104, and G. Rose Uehev die zur Granitgruppe gdtbrmdp^ 
Gehirgaarten, in iheZeiUdiT. der DeuUchen geol. Bd. i, 1849, 

fi. 364). 
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grsean Fields (Monte Olibano near Pozzuoli), that of Ischia 
and of La Tolfa, as also a part of the Mont-Dore (the Grande 
Cascade). Augito is but very rarely found in small crystals 
in trachytes of the Mont-Doro'^^—never, in the Phlegrrean 
Fields together with hornblende ; nor is leucite, of which 
last however, Hoffmann collected some pieces on the Lago 
Averno (on the road to Cujiiie), while I found some on the 
slope of the Monte Nuovo''* (in the autumn of 1822). 
Leucite-ophyr in loose fragments is more frequent in the 
island of Procida and the adjoining Scogiio cU S. Martino.” 

Second Division, ‘^Tho ground-mass contains some de¬ 
tached crystals of glassy felspar, and a profusion of small 
snow-white crystals of oligoclase. The latter are frequently 
overspread with the glassy felspar in regular order, and 
form a covering about the felspar, as is so frequently seen 
in G, Hose’s granitite (the principal mass of the Kiesen- 
gebirge and Iser-gebirge, consisting of granite with red 
felspar, particularly rich in oligocliise and magnesian-mica, 
but without any white potash-mica). Hornblende and mica, 
and in some modifications augite, occasionally appear in 
small quantity. To this division belong the trachytes of the 
Drachenfels and of the Pcrlenhardt in the Siebengebirge'^ 
near Bonn, and many modifications of the Mont-Dorc and 
Cajital; some trachytes also of Asia Minor (for which we 
are indebted to that industrious traveller Peter von Tschi- 

Rozet, Sur les montagnen dc I’Auvergne, in tho Mhyu dt la Soc. 
G^ol.de France, 2tne S<5rie, t. i, partiei, 1814, p. 61). 

FragnientB of Leucite-ophyr, collected by me at the Nuovo, 

are described by Gustav Rose in b’ricd. Hoffiiuinii’s Geognosticlien Beo~ 
htichtungen, 1839, s, 219. On the trachyte of the Monte di Procida of 
the island of the same name, and the rock of San Martino, see Roth, 
Mmographie de^ Vemivs. 1857, s. 519—522, tab. viii.—The trachyte of 
the island of Ischia contains in the Arso, or stream of Cremate (1301) 
vitreous felspar, brown mica, green augite, magnetic iron and olivine 
(a 628), but no leucite. 

The goologico-topograpliical conditions of the Siebeng^irge near 
have been developed with comprehensive talent and great exact¬ 
ness by my fiiend TI. von Dechen, director of mines, in the 9th annual 
volume of tho l^erhandlangen den Natui'klutorischen Vereines der Preusi, 
Pheinlande und WestphalenSy 1852, s. 289—567. All tho chemical ana¬ 
lyses of the trachytes of the Siebengebiige which have hitlierto ap¬ 
peared are there collected (p. 323—356); mention is also made of the 
trachytes of the Drachenfels and Rottcheu, in which, besides the large 
crystals of sanidine, several small crystalline particles may be distin- 
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chatscheflF), of Afiun Karahlssar (fatnons for tlie cultui’e of the 
poppy) and Mehammed-kyoe in Phrygia, and of Kayadschyk 
and Donanlar in Mysia, in which glassy felspar, with a great 
deal of oligoclase, some hornblende, and brown mica are 
mingled.” 

guished in the fundamental mass. “ These portions have been found 
by Dr. BotliCj oil cliOiiiical analysis in Mitacherlioh’s Laboratory, to 
be oligoclaf-c, corresponding exactly with the oligoclase of Danvikszoll 
^near StockholuO noticed by Berzelius.” (Dcchen, s. 340—346). The 
Wolkenburg and the Stenzelberg are destitute of glassy felspar (s. 357 
4ind 363), and belong, not to the second division, but to the third ; they 
contain a Toluca-rock. That section of the geological description of 
the Siebeiigobirge which treats of the relative age of trachyte conglo- 
mei'ate and basalt conglomerate contains many new views (p. 405—461). 
■“With the more rare dykes of trachyte in the trachyte-conglomerates, 
which prove that the formation of trachyte has still continued after the 
■deposit of the conglomeiate (a. 413), are associated a gieat number of 
basalt courses (a. 416). The basalt-foimation extends decidedly into a 
later basalt than tlie tiachytc-formation, and the principal mass of the 
basalt is licre more recent than the trachyte. On the other hand aportion 
of this basalt *nily, and not of all basalts (s. 323) is more recent than the 
great inasa of the brown-coal rocks. Both formations, the basalt and 
the brown-coal locks, run into each other in the tSiebengebirge as well 
as in many other jdaces, and must be considered in the aggregate as 
voontemporancous.” Where very small crystals of quartz occur by 
way of rarity in the tracliytes of the Siebengebirge, as (according 
to Nfiggcrath 'and Bischof) in the Drachcnfels and in the valley of 
Rhdndorf, they fill up cavities and seem to be of later formation (p. 3^1 
and 370); caused perhaps by efflorescence of the sanidiue. On Chim¬ 
borazo I have on one solitary occasion seen similar deposits of quartz, 
though very thin, on the internal surfaces of the cavities of some very 
porous, brick-red masses of trachyte at an elevation of about 17,000 
feet (Humboldt, fr/.srwiCH^ r7e.s 1823, p. 336). These fragments, 

which are fre(][uently mentioned in my journal, are not deposited in the 
Berlin collections. Efiloresceuco of oligoclase, or of the whole funda^ 
mental mass of the rock may al.so yield such traces of disengaged silicic 
^id. Some jioints of the Siebengebirge still merit renewed and perse¬ 
vering investigation. The highest summit, the Lowenbnrg, represented 
as basalt^ seems, from the analysis of Bischof and Kjerulf, to be a do- 
Jeritic rock (H. v. Doc-hen, s. 383, 386, 393). The rock of the little 
Rosenau, which has sometimes been called Sauido-phyre, belongs, ac- 
-cording to G. Rose, to the first division of his trachytes, and is very 
closely allied to many of the trachytes of the Ponga Islands. The 
. trachyte of the Drachenfels with large crystals of glassy felspar seems, 
according to Abich’s yet unpublished investigations, most nearly to 
resemble the Dsyndserly-dagh which rises to a height of 8526 feet, to 
tihe north of the great Ararat, from a formation of nummulites under- 
tdipped by Devonian strata. 
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Third Division. The ground-mass of this dioritic tra¬ 
chyte contains many small ciystals of oligoclase '^v^ith black 
hornblende and brown magnesian-mica. To this belong 
the trachytes of -^gina,'’^* of the valley of Kozclnik near 
Schemnitz’*, of Nagyag in Transylvania, of Montabaur in 
the Duchy of Nassau, of the Stenzelberg and the Wolken- 
burg in the Siebengebirge near Bonn, of the Puy de Chau- 
mont, near Clermont in Auvergne, and of the Liorant in 
Cantal; also the Kaabegk in the Caucasus, the Mexican vol¬ 
canoes of Toluca’® and Orizaba, the volcano of Puraco and the 
splendid columns of Pisoje” near Popayan, though whether 
the latter are trachytes is very uncertain. The domites 
of Leopold von Buch belong likewise to this third di¬ 
vision. In the white, fine-grained fundamental mass of 
the trachytes of the Pay de DSme are found glassy crys¬ 
tals, which were constantly taken for felspar, but which are 
always streaked on the most distinct cleavage surface, and 
are oligoclase ‘ hornblende and some mica are also present. 
Judging from the volcanic specimens for which the royal 

From the close propinquity of Capo Perdica of the island of 
-®gma to the Jong famous red-brown Trozen-trachytea {Cosmos, see 
above, p. 229) of the peninsula of Methnua, and from the sulphur- 
springs of Bromolirani, it is probable that the trachytes of Methana, oa 
welUas those of the island of Kalauria, near the small town of Poros, 
belong to the same third division of Gustav Roso (oligoclase with 
hornblende and mica) (Curtius, Peloponnesos, lid. ii, s, 439, 446^ 
tab. xiv). 

See the admirable geological map of the district of S^emnitz by 
Bergrath, Johann von Peltko, 1852, and the Abhandlungen dcr 
gtologischcn Reichsanstalt, Bd. ii, 1855, Abth. i, s. 3, 

7® Cosmos, see above, pp. 401—2. 

77 The basaltic columns of PiHoje,the felspathic part of which hasbeotk 
linalysed by Francis (Poggend. AnnaJ.TAd. lii, 1841, s. 471), near the 
banks of the Cauca, in the plain of Amolauga (not far from the Pueblos 
" of Sta. Barbara and Mannato), consist of a somewhat modified oligo* 
clase in large beautiful crystals, and small crystals of hornblende. 
Nearly allied to this mixture are, the quartz, containing dioritic-por- 
pbyry of Marniato, brought home by Degenhardt, the felapathic part of 
which was named by Abich Andeainc,—the rook, destitute of quarts, 
of Cucurueape, near Marmato, in Boussinganlt's collection (Charles 
Ste.-Cl. Deville, Etudes dc JAikologxe, p. 29), the rock which I found l2' 
geographical miles eastward of Chimborazo, below the ruins of old 
Hiobarnba (Humboldt, Kleinere Schriften, Bd. i, s. 161), and lastly, the 
rock of the Estorel Mountains in the department of the Var (FJte d» 
Beaumont, Expllc, de la Carte G€qL de France, t, i> p. 473). 
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collection is indebted to Herr Mollliausen, the draughtsman 
and topographist of Lieut. Whipple’s exploring expedition, 
the third division, or that of the dioritic Toluca-trachytes, 
also includes those of Mount Taylor, between Santa Fe del 
Nuevo Mexico and Albuquerque, as well as those of Ciene- 
guilla on the western slope of the Eocl^y Mountains, where, 
according to the able observations of Jules Marcou,black lava- 
streams overflow the Jura-formation.” The same mixture of 
oligoclase and hornblende which I saw in the Azteck high¬ 
lands, in Anahuac proper, but not in the Cordilleras of South 
America, are also found far to tlieVest of the Eocky Moun¬ 
tains and of Zufii, near the Mohave river, a tributary of the Rio 
Colorado (see Marcou, Resume of a geological reconnaissance 
from the ji^rkansas to California^ July, 1854, pp. 46—48. Sec 
also two important French treatises,— Resume explicaiif d^une 
Carte Gcologique des Elats-Unis^ 1855, pp. 113—116, and Rx- 
quisse d une Glassification dcs Chames de Montagues de V Ante- 
rique du Noref 1855 ; Sierra de S. Rrancisco et Mount Taulor, 
p. 23). Among the tracliytcs of Java, for sjjecimens of which 
I am indebted to my friend Dr. Junghulm, w^e have likewise 
recomnsed those of the third division in three volcanic dis- 
tricts, namely, Burung-agung, Tyinas and Gurung Parang 
(in the Batugaiigi district). 

Fourth division. ‘^The leading mass contains augite with 
oligoclase :—the Peak of Teneriffe,’® the Mexican volcanoes 

^ The felspar in the trachytes of Teneriffc was first recognised in 
1842 by Charles Deville, who visited the Canary Islands in the autumn 
of that year ; see that distinguished geologist’s Voyage Gcologique aux 
Antilles ci aux lies de I'Cntriffc ct de Fogo, 1848, pp. 14, 74, and 169; 
also Analyse du Feldapath de Tdndrilfo, in the Comytes retidus de VAcadm 
'des Sciences, t. xix, 1844, p, 4G. “ The labours of Messrs, Gustav Rob® 

and H, Abioh,*' he says, “ have cemtributed in no small degree, both 
crystallographically and chemically, to throw h'gbt on the numerous 
varieties of minerals which were comprised under the vague denomina¬ 
tion of felspar, I have succeeded in submitting to analysis carefully 
isolated cry.stala whose density in different specimens was very uni¬ 
formly 2*593, 2'594, and 2’586. This is the first time that the oligo- 
clase felspar has been indicated in volcanic regions, wdth the excep¬ 
tion perhaps of some* of the great masses of the Cordillera of the 
Andes, It was not detected, at least with any certaiutj^ except in the 
ancient eruptive rocks (plutonic, granite, syenite, syenitic porphyry 
, , . , , ), but in the trachytes of the Peak of Teneriflfe it plays a 

port analogous to that of the labrador in the doleritic masses of 
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Popocatepetl® and Colima, the South American volcanoes, 
Tolima (with the Paramo do Riiiz), Purace near Popayan, 

Etna.” Compare also Eammelsberg, in the ZeitsrJi7\ der Deutschen 
^€oL GeMsrhaft^ Bd. v, 1853, s, 6^1, and the 4th Supplement of 
his Ilandwortcrbuclia der clicni. Mhm'aloffie, s. 245. 

The first determination of height of the great volcfino of Mexico, 
Popocatepetl is, so far as I am aware, the trigonometrical measure¬ 
ment already mentioned (see above, p. 41, note 42), executed by me on 
24th January, 1804, in the Llano de Tetiiuba. The summit was found 
to be 1536 toises above the Llano, and as the latter lies barometrically 
1234 toises above the coast of Vera Cruz, wc obtain 2770 toises, or 
17,728 English feet, as the absolute height of the volcano. The baro¬ 
metrical measurements which have succeeded iny trigonometrical cal¬ 
culation lead me to conjecture that the volcano is still higher than I 
have made it in the Es^ai t.nr la Gengraplne des Plantes, 1807, p. 148, 
and in the Esmi Politique snr la Nouv. Espagne, i. i, 1825, p, 185. 
William Glennie, who first roaclied the margin of the crater on the 
20th April, 1827, found it, according to his own calculation (Gazeta 
del Solj published in Mexico, Ko. 1432), 17,884 feet, equal to 2796 
toises, but, as corrected by the mining director, Burkart, who has 
acquired so high a n-putatiou in the department of Amejican liypso- 
metry, and who compared the calculation in Vera Cruz with barome¬ 
trical observations taken nearly at the same time, it comes out 
fully 18,017 feet. Oti the other hand, a barometrical measurement 
by Samuel Birbcck (lOtb Nov. 1827), calculated according to the tables 
of Oltmanns, gave only 17,851 feet, and the measurement of Alex. 
Doiflpion (Gninprecht, Zettachrift fur Allg. Ei'dhunde, Bd. iv, 1855, 
a. 390); coinciding almost too precisely with the trigonometrical 
measurement of Tetiinba, gives 5403 metres, equal to 17,720 feet. 
The talented Herr von Gerolt, the present Prussian ambassador in 
Washington, accompanied by Baron Gros, likewise visited the sum¬ 
mit of Popocatepetl (28th May, 1833), and found, by an e^ct barome¬ 
trical measurement, the lloca del Fniile, below the crater, 16,896 feet 
above the sea. Singularly contrasted with these chronologically-stated 
hypsometrioal results appears a carefully-conducted barometrical mea¬ 
surement by M. Craveri, published by Petermann in his valuable 
Mittheilungen uher wiehtige neue Erforsrhungen der OeograpJtie, 1866 
-(Heft x), a. 358—3G1. That traveller found, in Se 2 )tember, 1856, the 
Lei^t of the liighest margin of the crater, the north-west, compared 
with what he considered the mean height of the atmospheric pressure 
in Vera Cruz, only 5230 metres, or 17,159 feet, which is 556 
feet (-j^ of the whole height under measurement) less than I* 
found it by trigonometrical measurement half a century previous. 
Craveri likewise makes the height of the city of Mexico .above the sea 
196 feet less than Burkart and I have found it to be at very different 
times; he reckons it at only 2217 metres, or 7274 feet, instead of 
2277 metres, or 7471 feet. In Dr. Petermann's periodical above 
referred to, p. 479—481, I have explained myself more particularly on 
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Pasto and Cumbal (according to specimens collected by 

the subject of these variations plus or minus, as compared with the 
result of my trigouomctrical measurement, which uuftu*tunately has 
never been repeated. The 453 determinations of height w^hich I made 
from September, 1799, to Februaiy, 1804, in Venezuela, on the woody 
shoros of the Orinoco, the Rio do la Magdalena, and the river Amazon; 
in the Corddloras of Ncav Granada, Quito, and Peru, and in the tropical 
region of Mexico, all of which, rc-calculated by Professor Oltmanns, 
uniformly acconling to the formula of Laplace and the co-efficieuts 
of Ramond, have been publLslied in my NiveJhment BaromvtriqxcQet G^o- 
logiqtie, 1810 [ItecMeil eVOhserr. AniroHoni. t, i, pp. 295—334) were per- 
formedwithoiitcxceptiouwitliRamsdcn’s cisterii-baronictci’H “b- niveau 
constant,and not with apparatus in which several fresh-filled Torricel¬ 
lian tubes may be inserted one after another, norby the instrument, pro¬ 
jected by myself, described in J^ametherie’e Journal de Physique^ t, iv, 
p. 468, and occasionally used in Germany and France during the years 
1796 and 1797. Gay-Lussac and I made use, to our mutual satisfaction, 
of a portable Ramaden cistern-barometer exactly similar in construc¬ 
tion, in the year 1805, during our journey through Italy and Swit¬ 
zerland. The admirable observations of the Olmutz astronomer, 
Julius Schmidt, on the margins of the crater of Vesuvius 

Eruption im Mai, 1855, s. 114—116) furnish from their similarity 
additional motives of satisfaction. As 1 never have ascended the sum¬ 
mit of Popocatepetl, but measured it trigonometrically, there is no 
foundation whatever for the extraordinary criticism (Craveri, in Peter- 
mann’s Gcogr. Mitthniungen, lloft x, w. 359), “that the height of the 
mountain as described by me is unsatisfactory, because, as 1 my¬ 
self stated, 1 had made use of fresh-filled Torricelhun tubes,” The 
apparatus with several tubes ought never to bo used in the open air, 
more especially on tho summit of a mountain. It is one of those 
means which, from tho conveniences furnished by large towns, may 
be employed at long intervals, when the opciator feels anxious as to 
the state of his barometer. For my own part, I have had recourse to 
it only on very rare occasions, but I Avould nevertheless still recom¬ 
mend it to travellers, accompanied by a comparison with the boiling 
^iot, as warmly as I did in my Ohservafiona Astronomiques fvol. i, 
pp. SBS—373):—“As it is better not to observe at all than to make bad 
observations, we ought to bo less afraid of breaking the barometer than 
of putting it out of order. M. Bonpland and I having four different 
times traversed the Cordilleras of the Andes, the determinations which 
chiefly interested us w^ere repeated at different times, as we returned 
to the places which seemed doubtful. Wo occasionally employed the 
apparatus of Mutls, in which Torricellfs primary experiment is per¬ 
formed, by applying successively three or four strongly heated tubes, 
filled with mercury recently boiled in a stoneware crucible. When 
there is no possibility of replacing tho tubes, it is perhaps prudent 
not to boil the mercury in the tubes themselves. In this way 
I have found, in experiments made in conjunction with Lindner, 
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Boussingault), Rucu-^Pichincha, Antisana, Cotopaxi^ Ohim- 

ProfOBSor of Chemistry at the School of Mines in Mexico, the height of 
the column of mercury at Mexico iu six tubes, as follows :— 

259.7 lines (old Paris foot) 

259.6 

259.9 

259.9 

260,0 

259.9 

“ The two last tubes alone had. by means of heat, been deprived of air 
by Bellardoni, the instrument maker at Mexico. As the exactness of 
the experiment depends partly on the perfect cleanliness of the inside 
of the empty tubes, which are so easily carried, it is a good plan to seal 
them hermetically over a lamp.” As the angles of altitude cannot, in 
mountainous districts, be taken from the soa-sliore, and the trigono¬ 
metrical measurements are of a mixed nature and to a consideniblo 
extent (frequently as much as or whole height) baro¬ 

metrical, the determination of the height of the elevated plain in which 
the base line may be measured is of great importance. As cor¬ 
responding barometrical observations at sea are seldom obtained, or for 
the most part only at too great a distance, travellers are too often in¬ 
duced to take the results they have obtained from a few days’ obser¬ 
vations, conducted by them at different seasons of the year, as the 
mean height of the pressure of the atmosphere on the elevated plain 
and at the seashore. “ In wishing to know whether a measurement 
made by means of the barometer possesses the exactness of trigono¬ 
metrical operations, it is only necessary to ascertain whether, in a given 
case, the two kinds of measurement have been taken under equally 
favourable circumstances, that is to say, by fulfilling those con¬ 
ditions which both theory and long experience have preseribed. The 
mathematical experimenter dreads the effect of terrestrial refrac¬ 
tions, while the physical experimenter has reason to fear the 
unequal and far from simultaneous distribution of the temperature 
in the column of air at the extremities of which the two barometere 
are placed. It is probable enough that near the surface of the earth 
the decrease of caloric is slower than at greater elevations, and in 
order to ascertain with precision the mean density of the whole column 
of air, it would be necessary to ascend in a balloon so as to examine the 
temperature of each successive stratum or layer of the superimposed 
air” (Humboldt, EecucUd*Observ, Antron, vol, i, p. 138; see also 371,in 
the appendix on refraction and barometrical measurements). While- 
the barometrical measurement of M. M. Truqui and Craveri gives only 
17,159 feet to the summit of Popocatepetl, whereas Glennie giver 
’ 17,889 feet, I find that the lately published measurement of Professor 
Carl Heller of Olmiitz, who has thoroughly investigated the district! 
surrounding Mexico, as well as the provinces of Yucatan and Chiapa,. 
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borazo,*® Tunguragua, and trachyte rocks which are 
covered by the ruins of Old Riobamba. In the Tunguragua, 
besides the augites there occur also separate blackish green 

I 

corresponds to within 32 feet of my own. (Compare my Essay o« the 
Seight of the Mexican Volcano Popocatepetlf in Br. Petermann's 
Mittlmlungm aus Justtis Perthes Geograpliischer Anstalt, 1856, s. 479 
—481). 

^ In the Chimhorazo rock it is not possible, as in the Etna rock, 
to separate mechanically the fclspathic crystals from the ground- 
mass in which they lie, but the large proportion of silicic acid which 
it contains, along with the fact connected therewith of the small 
•pecific gravity of the rock, make it apparent ihat the felspathic 
constituent is oligoclase. The quantity of silicic acid which a mineral 
contains and its specific gravity are generally in an inverse ratio; 
in oligoclase and lahradorite the former is 64 and 53 per cent, 
while the latter is 2,66 and 2.71. Anorthite, with only 44 per cent, of 
ailicic acid, has the great specific gravity of 2.76. This inverse pro¬ 
portion between the'qnantity of silicic acid and the B])ecific gravity 
does not .occur, as Gustav lloso remai'ks, in the felspathic minerals, 
which are also isomorphous, but with a different crystalline form. 
Thus felspar and leucite, for instance, have the same component 
parts,-—potash, alumiii.\, nnd silicic acid. The felspar, however, con¬ 
tains 65 and the Icucite only 56 per cent, of silicic acid, yet the 
former has a higher specific gravity, namely, 2.56, than the latter, 
whose specific gravity is only 2.48. * 

Being deairou.s in the spring of 1854 to obtain a fresh analysis of 
the trachyte of Chimborazo, Professor Kamraelaberg kindly undertook 
the task, and performed it with his usual accuracy. I here give the 
results of this analysis, as they were communicated to me by Gustav 
Bose, in n letter in the month of June, 1854. Ho says : '' The Chim¬ 
borazo rock, submitted to a careful analysis by Professor Rammela- 
berg, was broken from a specimen belonging to yovir collection, which 
you had brought homo from the narrow rocky ridge at a height of 
more than 19,000 feet above the sea.” 

Rammchhergs Analysis. 

(Height 19,194 English feet; spec. grav. 2.806.) 


Oxygen. 

Silicic acid . 59.12 30.70 2.33 

Alumina .. 13.48 6.30 

Protoxide of iron . 7.27 

Lime . 6.50 

Magnesia. 5.41 6.93 

Soda... 3.46 

Potash. 2.64 0.45 


97.88 
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crystals of uralite, of from half a line to five lines in length, 
with a perfect augite form and the cleavage of hornblende 
(see Rose, Seise nach dem Ural^ Bd. ii, s. 353).” I brought 


AhicNs Analysis. 

(Height 16,179 English feet; spec. 

grav. 2.685.) 

Silicic acid .... 

. 65.09 

Oxygen. 

33.81 2.68 

Alumina . 

.. 15.53 

7.27 

Oxide of iron . 

. 3.83 

1.16 

Protoxide. 

. 1.73 

0.39 

Lime.. 

. 2.61 

0.73 

Magnesia.. 

. 4.10 

1.58 

Soda. 

. 4.46 

1.14 

Potash. 

. 1.99 

0.33 y 

Chlorine, and 

loss by J 0 4 ^ 

heat . 



99.80 


In explanation of these figures it must bo observed, that the 


series gives the ingredients in a per centage, the second and third ^ve 
the oxygen contained in them. The second space showa only the 
oxygen of the stronger oxides (those which contain 1 atom of oxygen). 
JLn the third space this is recapitulated, so as to offer a comparisoD 
with that of the alumina earth (which is a weak oxide) and of the 
silicic acid. The fourth space gives the proportion of the oxygen of 
the jailicic acid to the oxygen of the aggregate bases, which latter 
are fixed = 1. In the trachyte of Chimborazo this proportion 
is--2.33 :1. 


‘'The differences between the analyses of Rammelsberg and of 
Abich are certainly important. Both analysed minerals Chim* 
borazo, from the relative heights of 19,194 and 16,179 Teet, which 
were broken off by you and were taken from your geological collectioD 
in the Royal Mineral Cabinet at Berlin, The mineral from the lower 
elevation (scarcely 400 feet higher than the summit of Mont Blanc) 
which Abich has analysed, possesess a smaller specific gravity, and in 
correspondence therewith a greater quantity of silicic acid, than the 
mineral taken from a point 2918 feet higher, analysed by Ram¬ 
melsberg. Assuming that the argillaceous earth belongs only to the 
felspathic ingredient, we may reckon in the analysis of Rammels¬ 
berg 

Oligoclase..58.66 

Augite .34.14 

Silicic acid. 4.08 


As thus, by the assumption of oligoclase, a portion of silicic" acid 
remains over uncombined, it is probable that tlie felspathic ingredient 
is oligoclase and not labradorito. The latter does not occur with 
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a similar fragment, with distinct uralite crystals, from the 
slope of the Tunguragua at an elevation of 13,260 feet. 
Gustav Hose considers this specimen strikingly different 

uucombined silicic aci<l, and if wo were to suppose labradorite in the 
rock, a greater quantity of silicic acid would remain over.'* 

A careful comparison of Several analyses for which I am indebted 
to the friendship of M. Charles Sainte-Clairc Deville, to whom the 
valuable geological collections of our niiitual friend Boussingault are 
accessible for chemical experiment, shows that the quantity of silicic 
acid contained iu the fundamental mass of the tnachytic rocks is gene¬ 
rally greater than in the felspars which they contain. The kible kindly 
communicated to me by the compiler himself in the month of June, 
1857, contains only live of the great volcanoes of the chain of the 
Andes:— 


Nnnica of 
the Volcanoes. 

structure and Colour of the Mast. 

Silicic Acid 
ui the whole Mass. 

Silicic Acid 
in tlie Feld¬ 
spar aloue. 

Chimborazo 

/ semi-vitrified, brownish grey 

J semi-vitieous, and black. 

( crystalline, compact, gi*ey. 

65.09 Abich \ 
63.19 Deville 1 
62.66 Deville ) 
64.26 Abich \ 

58.26 

Antisana 


63.23 Abich | 

58,26 

Cotopaxi 

. 

lvi+.rftr»n« n.nd hn^wnish . 

69.28 Abich 1 


1 frra.milatftd ...-. 

63.93 Abich / 


Pichincha 

black, vitreous . 

67.07 Abich 


Purac^ 

TiH.'i.rl V hottln Erreeii.. 

68.80 DeviUe 

55.40 


Quadaloupe 

Bourbon 

grey, granulated, and cellular 
crystalline, grey, porous . 

57.95 Deville 
50.90 Deville 

54.25 

49.06 


“ These differences, as far as regards the relative richness in silica of 
the ground-mass (and the felspar),” continues Charles Deville, will 
appear still more striking when it is considered that, in analysing a 
rock masse, there are included in the analysis, along with the basis 
properly so called, not only fragments of felspar similar to those which 
have been extracted, but even such minerals as amphibole, pyroxene, 
and especially peridoie, which are less rich in silica than the felspar. 
This excess of silica manifests itself sometimes by the presence of iso¬ 
lated grains of quartz, which M. Abich has detected in the trachytes 
of the Drachenfels (Siebengobirge, near Bonn), and which I have myself 
observed with some surprise in the trachytic dolerite of Giiaddoupe.” 

“If,*' observes Gustav Rose, “we add to this remarkable synopsis of 
the silicic acid contained in Chimborazo the result of the latest analysis^ 
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from the seven fragments of trachyte from the same Volcano 
■which are contained in my cabinet. It recalls to mind the 
formation of green slate (schistose augitic-porphyry) which we 

that of Ramtoelsberg in May, 1854, we shall find that the result 
obtained by Deville occupies exactly tho mean between those of Abioh 
and Rammelsberg. Thus :— ^ 

CMnihorazo-rock. 

Silicic acid 65.09 Abioh (spec. gray. 2.C85) 

63.19 Deville 
62.66 do. 

59.12 llammelsberg (spec, gray, 2.806)” 


In the Echo dn Padfique of the 5tli Januiiry, 1857, published at 
San Francisco in California, an account is given of a French traveller, 
named M. Jules lldmy, having succeeded, on the 3rd November, 1856, 
in company with an Englishman, Mr. Drencklay, in reaching the^ 
summit of Chimborazo, which was “however, enveloped in a cloud, so 
that we ascended without perceiving it.” He observed, it is stated, 
the boiling point of water at 171°.5 P., with the temperature of tho 
air at 31®.9 F., on calculating upon these data, the height ho 
had attained by a hypsonietrical rule tested by him in repeated 
journeys in the Haway Archipelago, he was astonished at^the result 
brought out. He found, in fact, that he was at an elevation of 21,467 
feet, that is to say, at a height differing by only 40 feet from that 
given by my trigonometrical measurement at Itiobamba Nuevo in the 
elevated plain of Tapia, in June, 1803, as the height of the summit 
of Chimborazo,—namely, 21,426 feet. This correspondence of a trigo¬ 
nometrical measurement of the summit with one founded on the 


boiling point is the more surprising, as my trigonometrical measure¬ 
ment, like all measurements of mountains in the Cordilleras, involves 
A barometrical portion, and from the want of corresponding^ observa¬ 
tions on the shore of the South Sea, my barometrical dot^^nation of 
the height of tho Llano de Tapia, 9484 feet, cannot p(^sess all the 
exactness that could be desired. (For the details of my trigonometrical 
measurement, see my Rcmeil d’Ohsci'vatiom Asiron,^ vol, i, pp. 72 and 
74). Professor Poggendorff kindly undertook to ascertain what result 
under the most probable hypotheses a rational mode of calculation 
would produce. He found, reckoning under both hypotheses, that 
the prevailing temperature of the atmosphere at tho sea being 81*.6 F., 
or 79®.7 F., and the barometer marking 29.922 inches, with the ther¬ 
mometer at the freezing point, the following result is obtained by. 
Regnault's table the boiling point at the summit at 171®.5 F. answer# 


to 12,677 inches of the barometer at 32'’ temperature; the tempera* 
tute of the air may therefore be taken at 35®.3 F. = 34®.7 F. 
According to these data, Oltmaims’ tables give, for the height ascended, 
under the first hypothesis (8D.5), = 7328"'.2, or 24,043 feet, and under 
the second (79®.7), = 7314“.5, or 23,998 English feet, showing aii' 
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have found so diffused on the Asiatic side of the Ural 

(Ibid. s. 544). 

Fifth division. A mixture of labradorite®^ and augite,®* 
a doleritic trachyte : Etna, Stromboli; and, according to 
the admirable works on the trachytes of the Antilles by 
, Charles Sainte-Claire Deville, the Soufriere de la Guadeloupe, 
as well as the three great cirques which surround the Pic de 
Salazu, on Bourbon.” 

Sixth division. The gronnd^inass, often of a grey 
colour, in which crystals of leucite and aiigite lie imbedded, 
with very little olivine;—Vesuvius and Soimna; also the 
extinct volcanoes of Vultur, Bocca Monfina, the Albanian 
hills and Borghetto. In the older mass (for example, in the 
wall and paving-stones of Pompeii) the crystals of leucite are 
more considerable in size and more numerous than the augite* 

average of 777"’., or 2549 English feet, more than my barometrical 
measurement. To have corresponded with this, the boiliug point, 
should have been found about 2*^.25 cent, higher, if the summit of 
Chinib«)razo had actually been reached. Puggendorff's Annalen. Bd. c, 
1857, B. 479. 

That the trachytic r(jcks of ;^tua contain labradorite was demon- 
Bti'ated by Gustav Hose in 18*53, when ho exhibited to his friends the rich 
Sicilian collections of Friedrich HolFiiiaun in the Beilin Mineralogical 
cabinet. In his treatise on tlui minerals known by the names of green¬ 
stone and green-stone porphyry {PoygemL AnnaL^ Bd. ixxiv, 1835, 
p. 29), Gustav Hose mentions the lavas of Etna, which contain augite 
and labradorite (compare Abich in his interesting treatise on the whole 
fclspathic-family, {Poggend, AnnaL, 1840, Bd. 1, s. 347). Leopold von. 
Buch describes the rock of Etna as. analogous to the dolerite of the? 
basalt-formation {Poggend. Annal., Ed. xxxvii, 1836, s. 188), 

^ Sartorius vou Waltershausen, who has for many years carefully 
investigated the trachytes of Etna, makes the following important 
observations :—** the hornblende there belongs especially to the older 
masses,—the green-stone veins in the Val del Bove, as well as the 
white and red trachytes, which form the ground mass of Etna in 
the Serra Olavnicola. Black hornblende and bright yellowish-green 
augite are there lound side by side. The more recent lava-streams 
from 1669 (especially those of 1787, 1809, 1811, 1819, 1832, 1838, 
and 1842), show augite, but no hornbloude. The latter sterna to bo 
generated only after a longer period of cooling*^Waltershausen, Uehtr 
die vulhaiiiscJtcn Gesteine von SiciHai und Idand, 1853, s. 111—114), 
In the augitiferouH trachytes of the fourth division in the chain of th& 

- Andes, along with the abundant augites, I have indeed sometimes found 
none, but sometimes, as at Cotojaixi (at an elevation of 14,068 feet) and 
at Rncu-richincha,ata height of 15,304 feet, distinct black hornblende- 
crystals in small quantities. 
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In the present lavas, on the contrary, the angites predomi¬ 
nate and the leucites arc on the whole very scarce, although 
the lava-stream of the 22nd April, 1845, has furnished them 
in abundance.” Fragments of trachytes of the first division, 
containing glassy felspar (Leopold von Buch’s trachyte 
proper), arc imbedded in the tuias of Monte Somma; they 
also occur detached in the layer of pumice which covers 
Pompeii. The leiicite-ophyr-trachytes of the sixth division 
must be carefully distinguished from the trachytes of the 
first division, although leucites occur in the westernmost 
part of tjie Phlegrsean Fields and on the island bf Procida, 
as has been already mentioned.” 

The talented originator of tlic above classification of vol¬ 
canoes, according to the association of the simple minerals 
which they pi'csent, does not by any means suppose that he 
has completed the grouping of all that are found on the 
surface of the earth, which is still on the whole so very 

® See Pilla, in the Comptes rcndiis de I'Acad. des Sc., t. xx, 1845, 
p. 324. la the leiicite-crystals of the Kocca Monfina, Pilla has found 
the surface covered with worm-tubes (urpulee), inrlicatini? a submarine 
volcanic formation. Ou the leucite of the Kite], in the trachyte of the 
Burgberg near Riodeii, and that of Albano, Lago Bracciaiio, and Bor- 
ghetto, to the north of Rome, sec above, ^^ge 32, note 93. In 
the centre of large crystals of leucite, Ijeop. v. Buch has generally 
foiyid the fragment of a crystal of augite, round which the leucite- 
crystallisation has formed, “ a circumstance which, considering the 
ready fusibility of the augite, and tlie infusibility of the leucite, is 
somewhat singular. More frequently still are fragments of the funda¬ 
mental mass itself enclosed like a nucleus in leucite-porx>hyry.” Olivine 
is likewise found in lavas, as in the cavities of the obsiiiian, which I 
brought from the Cerro del Jacal in Mexico (Cosmos, vol. i, .p. 268, 
note X)t strange to say, also in the hypersthene rook of 

Elfdal (Berzelius, Sechstcr Jahresberickt, 1827, s, 302), which was 
long considered to he syenite. A similar contrast in the nature of the 
places where it is found is exhibited by oligoclaee, which occurs in the 
trachytes of still burning volcanoes (the Peak of Teneriffe and Cotopaxi), 
and yet at the same time also in the granite and granitite of Schreiber- 
gau and Warmbrunn in the Silesian Riesengobirgo (Gustav Rose, in 
the minerals belonging to the granite-group, in the Zeitschriftm d. 
Ihutsch, geoL Gesellsch., zu Berlin, Bd. i, s. 364). This is not the case 
‘with the leucite in the Plutonic rocks, for the statement that leucite 
. baa been found dissemmated in the mica-slate and gneiss of the 
Pyrenees near Gavarnie (an assertion which even Hauy bos repeated) 
hnB been found erroneous, after many years’ investigation, by Dufr^noy 
(FraiU de Min^raiogie, t, iii, p. 399). 
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imperfectly investigated in a scientifically geological and 
chemical sense. Modifications in the nomenclature of the 
associated minerals, as avcII as additions to the trachyte- 
formations themselves, are to be expected in two ways, both 
from the progressive improvement of mineralogy itself (in a 
more exact specific distinction both with regard to form and 
chemical composition), and from the increased number of 
collections, which arc for the most part so incomplete and 
so aimless. Here, as jn all other cases where the governing 
law in cusmical investigations can only be discovered by a 
widely-extended comparison of individual cases, we must 
proceed on the principle tliat everything which, in the 
present condition of science, wc thiiilc we know, is but a 
small portion of what tlje next century will bring to light. 
The mcaUvS of early acquiring this advantage lie in profusion 
befoi'C Tis, but the investigation of the tracliytic j^oi-tion of 
the dry surface of the earth, Avliethcr raised, dei)ressed, or 
opened up by fissures, has hitherto been very deficient in the 
em})loyment of thoroughly exhaustive methods. 

Though similar in form, in tlic constniction of their frame¬ 
work and their geotectonic lelations, volcanoes situated 
very near each other have frequently a very different indi¬ 
vidual character in regard to the composition and association 
of their mineral aggregate. On the great transverse fissure 
which, extending from sea to sea, almost entirely in a direc¬ 
tion from west to east, intersects a chain of mountains, or, 
more properly speaking, an uninterrupted mountainous swell, 
running from soutVi-east to noi'th^west, the volcanoes occur 
in the following order :—Colima (13,003 feet), Jorullo (4205 
feet), Toluca (15168 feet), Popocatepetl (17,726 feet), and 
Orizaba (17,884 feet). Those situated nearest to each other 
are dissimilar in the composition which characterizes thorn, 
a similarity of trachyte occiirrit^ only alternately. Colima 
and Popocatepetl consist of oligoclase with augitc, and couse- 
quently have the trachyte of Chimborazo or Tencriffe; 
Toluca and Orizaba consist of oligoclase with hornblende, 
and consequently have the rock of VEgina and Kozolnik. ' 
The recently formed volcano of Jorullo, which is scarcely 
more than a large eruptive hill, consists almost alone of 
acoriaceoiiB lavas, resembling basalt and pitchstone, and 
seems more like the trachyte of Toluca than that of Colima. 

2 H 2 
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In thest considerations on the individual diversity of the 
mineralogical constitution of neighbouring volcanoes, we find 
a condemnation of the mischievous attempt to introduce a 
name for a species of trachyte, derived from a mountain- 
chain, chiefly volcanic, of more than 7200 geographical miles 
in length. The name of Jura limestone, which I was the 
first to introduce,®* is unobjectionable, because it is taken 
from a simple unmixed rock; from a chain of mountains 
whose antiquity is characterised by its containing organic 
remains. It would in like manner be unobjectionable to. 
designate trachyte-formations after particular mountains,— 
to make use of the expression Teneriffe-trachyte or Etna* 
trachyte for decided oligoclase or labradorite formations. 
So long as there was an inclination among geologists to find 
albite everywhere among the very diflerent kinds of felspar 
which are peculiar to the chain of the Andes, every rock in 
which albito was supposed to exist was called andesite. I 
first meet Avith the name of this mineral, with the distinct 
definition that “andesite is composed of a preponderating* 
quantity of albite and a small quantity of hornblende,” in 
the important treatise written in the beginning of the year 
1835 by my friend Leopold von Buck on ^^Craters of upheaval 
and volcanoes,^'*^ This tendency to find albite every where 

In the course of a geological tour which I made, in 1795, through 
the south of France, western Switzerland, and the north of Italy, I had 
satisfied myself that the Jnra limestone, which Werner reckoned among 
his Muschel-kalk, constituted a peculiar formation. In my treatise 
on subterranean gases, published by my brother, Wilhelm von Hum¬ 
boldt, in 1799, dunng my lesidence in South America, fiMs formation, 
which I provisionally designated as Jura limestone, was for the first 
time mentioned (s. 39), This account of the new formation was imme¬ 
diately transferred to the Oberbergrath Karsten’s mineralogical tables, 
at that time so generally read (1800, p. 64, and preface, p. vii). I named 
none of the petrifactions which characterise the Jura formation, and in 
relation to which Leopold von Buch has acquired so much credit 
.(1839); I erred likewise in the age ascribed by me to the Jura forma¬ 
tion, supposing it to be older than muschel-kalk, on account of its 
propinquity to the Alps, which were considered older than Zechstein* 
In the earliest tables of Buckland, on the Superposition of strata in the 
British Islands, the Jura limestone of Humboldt is reckoned as belong¬ 
ing to the upper oolite. Compare my IJssai Goi fjn^ sur It Gisement 
Bodies, 1823, p. 281. 

^ The name of Andesite first occurrs in print in Leopold von Buch-s 
treatise, read on the 26th March, 1835, at the Berlin Academy. That 
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lasted fut- five or six years, until renewed investigations of a 

great geologist limits the appellation of trachyte to those cases in which 
glassy felspar is contained, and thus speaks in the above treatise, 
which was not printed till 1836 {Pogfjend, Annal.^ Bd, xxxvii, a.. 
188—190):—“The discoveries of Gustav Rose, relating to felspar, 
have shed a new light on volcanoes and geology in general, and the 
minerals of volcanoes liave in consequence presented a new and totally 
unexpected aspect. After many careful investigations in the neigh¬ 
bourhood of Catanea and at Etna, Elie de Beaumont and I have con¬ 
vinced ourselves tliat felspar is not to bo met with on Etna, and 
consequently there is no trachyte cither. All the lava-streams, as well 
ns all the strata in the interior of the mountain, consist of a mixture of 
augite and labradorite. Another important difference in the minerala 
of volcanoes is manifested when albite takes the place of felspar, in 
which case a new mineral is formed, which can no longer be denomi¬ 
nated trachyte. According to G. Rose's (present) investigations, it may 
be considered tolerably cei^tain tliat not one of the almost innumer¬ 
able volcanoes of the Andes consists of trachyte, but that they all 
contain albite in their constituent mass. This conjecture seems a very 
bold one, but it loses that appearance when we consider that wo have 
become acquainted, through Humboldt’s journeys alone, with ono-half 
of those volcanoes and their x^roducts in both hemispheres. Through 
Hoycn we are acquainted with these albitiforous minerals in Bolivia 
Aud the northern part of Chili; through Poppig, as far as the southern¬ 
most limit of the same country; through Erinan, in the volcanoes of 
Kamtschatka. Their presence being so widely diffused and so distinctly 
marked, seems sufficiently to justify the name of andesite, under which 
this mineral, composed of a prei)on(lerance of albite and a small quan¬ 
tity of hornblende, has already been sometimes noticed.*' Almost at 
th^ same time that this appeared, Leopold von Buch enters more into 
the detail of the subject in the addenda with which, in 1836, ho so 
greatly enriched the French edition of his work on the Canary lalanda. 
The volcanoes Pichincha, Cotopaxi, Tungurahua, and Chimborazo, aro 
all said to consist of andesite, wlnle the Mexican volcanoes wore called 
genuine (sanidiniferous) trachytes {Descrlption'phy&iquedes lies Canaries, 
-1836, pp. 486, 487, 490, and 515). This lithological classification of the 
volcanoes of the Andos and those of Mexico shows that, in a scientific 
point of view, such a similarity of mineralogical constitution and the 
possibility of a general denomination derived from a large extent of 
country, cannot be thought of. A year later, when Leopold von Buch 
first made mention, in Poggendorff’s Annalc7i, of the name of Andesite, 
which has been the occasion of so much confusion, I committed tha 
mistake myself of making use of it on two occasions;—once, in 1836, 
in the. account of my attempt to ascend Chimborazo, in Schumacher’* 
Jahrbuch, 1837, s. 204, 206 (reprinted in my Kleinere Sclirifitn, 
Bd. i, B. 160,161), and again, in 1837, in the treatise on high¬ 
land of Quito (in Poggend, Ann., Bd. xl, s. 165). “Recent times have 
taught us/’ I observed, already strongly opposing my friend’s conjecture 
4 * to the similar' constitution of all the Andos-volcanoes, “ that the 
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.more profound and less prejudiced character led to the recog- 

different zones do not always present the same (mincralogical) composi¬ 
tion, or the same component parts. Sometimes we find trachytes, 
properly so called, cliaracterisod by the glassy felspar, as at the Peak 
of Tencriifo and in the Siebengebirge near Bonn, where a little albite 
associated with the felspar, — felspathic trachytes, which, as active 
volcanoes, exhibit abundance of obsidian and pumice; sometimes 
melaphyre, and doloiitic mixtures of labradorite and .lugite, more 
nearly resembling the basalt formation, as at Etna, Stromboli, and 
Obimboi’azo; sometimes albite with hornblende prevails, as in the 
lately so-called andesites of Chili and the splendid columns, described 
as dioritic-porphyry, at Pisoje near Popayan, at the foot of the volcano 
of Piiracd, or in the Mexican volcano of Jorullo; finally, they are some¬ 
times leucite-ophyrs, a mixture of leucite and augite, as in the Somma, 
the ancient wall of the crater of elovathm of Vesuvius.” By an acci¬ 
dental misinterpretation of this passage, which shows many traces of 
the then imperfect state of geological knowledge (felspar being still 
ascribed to the Peak of TenerifFe instead of oligoclase, labradorite to 
Chimborazo, and albite to the volcano of Toluca), that talented investi¬ 
gator Abich, who is both a chemist and a geologist, has erroneously" 
attributed to myself the invention of tlie term andesite as applied to a 
trachytic, widely-dispersed rock, rich in albite (Poffgenti. Ann,^ 
Bd. li, 1840, s. 523), and has given the name of andesine to a new 
species of felspar, first analysed by him, but still somewhat enigmati¬ 
cal in its nature, “ with reference to the mineral (from Marmato, near 
Popayan) in which it was first obaei vedThe andesine (pseudo-albite 
in andesite) is supposed to occupy a middle position between labradorite 
and oligoclase ; at the temperature of 55°.? its specific gravity is 2,733^ 
wlyle that of the andesite in which the andesine occurred is 3,593. 
Qustav Ruse doubts, ns did subseiiuently Charles Devillo {Etudes de 
LithoLogley p. 30), the individuality of andesine, as it rests only on a 
single analysis of Abich, and because the analysis of the felSpathio 
ingredient in the beautiful dioritic-porphyry of Pisoje near Popayan,. 
brought by me from South America, which was perforraSfl by Francis. 
{Poggend,, Bd. lu, 1841, e. 472) in the laboratory of Heinrich Rose,, 
while it certainly shows a great resemblance to the andesine of Mar¬ 
mato, as analysed'by Abich, is, notwithstanding, of a different com¬ 
position. Still more uncertain is the andeHino in the syenite of 
the Vosges (from the Ballon de Servance, and Coravillers, which Delesse 
has analysed). Compare O. Rose, in the already often-cited Zeitschrift 
der JDeutachen geologisehe^t Gesdkekaft, Bd. i, for the year 1849, s. 389.. 
It is not unimportant to remark here that the name andesine, intro¬ 
duced by Abich as that of a simple mineral, appears for the first time^ 
in his valuable treatise entitled, Beitrag zar Zenniniss des Feldapa&it 
(in Poggend. Ann., Bd. 1, s. 125, 341, Bd. li, s. 519), in the year* 
1840, which is at least five years after the adoption of the name andc* 
site, instead of being prior to the designation of the mineral from which 
it is taken, as has been sometimes erroneoubly supposed. In the forma¬ 
tions of Chili which Darwin so frequently calls andesitic graiiitC' 
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iiition of tlie trachytic albites as oligoclase.®"* Gustav "Rose 
haa come to the general conclusion that it is very doubtful 
whether albite occurs at all among the minerals as a real and 
essential element of commixture; consequently, according to 
the old conception of andesite, this minex'al would actually 
be wanting in the chain of the Andes. 

The mineralogical condition of the trachytes is imperfectly 
recognised if the porphyritically enclased crystals cannot be 
separately examined and measured, in which case, the in¬ 
vestigator must have recourse to the numerical proportions 
of the earths, alkalies and metallic oxides, which the result 
of the analysis furnishes^ as Avell as to the specific gravity of 

and andesitic porj>liry rich in albite {Geological Observations on Sovih 
America, 184(5, p. 17-4), oligoclase may also very likely be obtained. 
Gustav Rose, ^Yhose treatise on the nomenclature of the minerals allied 
to greenstone and greenstone-porphyry (iu Poggendorff^s Ann.^ Bd. 
xxxiv, s, 1—30) appeared in the same year, 1835, in which Leopold von 
Buch employed the name of andesite, has not, citheuinthe treatise just 
mentioned, or iu any later work, made use of this term, the true defini- 
tiou of w'hich is, not albite with horn blonde, but in the Cordilleras of 
South America, oligoclase with augitc. The now obsolete account of 
the designation of andesite, of which I have perhaps treated too cir¬ 
cumstantially, helps to show, like many other examples in the history 
of the development of our physical knowledge, that eii'oueous or 
insufEciently grounded conjectures (as, for instance, the tendency to 
enumerate vaneties us species) frequently turn out advantageous to 
science, by inducing more exact observations. 

^ So early as 1840, Abich described oligoclase-trachyte from the 
summit-rock of the Ivasbcgk and a part of the Ararat {Ueber die Nattur 
und die Zummmensetzung der Vulkan-Bilduvgen, s. 46), and even in 
1836, Gustav Rose had the foresight to say that though “he had not 
hitherto in his definitions taken notice of oligoclase and pei'icline, yet 
that they jprohably also occur as ingredients of admixture.” The belief 
formerly so generally entertained that a decided pi'eponderance of 
augite or of'hornblende might be taken to denote a distinct Bpeoios of 
the felspar family, such as glassy orthoclase (sanidine), labradorito or 
olig 9 clase, appears to be very much sliaken by a comparison of the 
trachytes of the Chimborazo and Toluca rocks, belonging to the fourth 
and third division. In the basalt-formation, hornblende and augite 
often occur in equal abundance, which is by no means the case u> the 
trachytes; but I have met with augite crystals, quite isolated, in 
. Toluca rock, and a few hornblende crystals in portions of the Chim¬ 
borazo, Pichinchn, Purac6, and Teneriffe rocks. Olivines, which are SO 
very rarely absent in the basalts, are as great a rarity in trachytes as 
they are in phonolites; yet we sometimes find, in certain lava-streamSi 
olivines fdrmed in great abundance by the side of augites. Mica is on the 
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the seemingly amorphous mass to be analysed. The result 
is obtained in a more convincing and more certain manner 
if the principal masS; as "well as the chief elements of the 
mixture, can be singly investigated both mineralogically and 
chemically. This is the ca'^e with tlie trachytes of the Peak 
of Tenerilfe and those of Etna. The supposition that the 
principal mass consists of the same small, inseparable, com¬ 
ponent parts which we recognise in the large crystals appears 
to be by no means well groiinded, for, as we have already 
noticed, as shown in Charles Deville’s woi’k, the apparently 
amorphous principal mass gcnei'ally furnishes more silicic 
acid than woxild be expected from the nature of the felspar- 
and the other visible commixed elements.' -Among the 
leucite-ophyrs, as Gustav Eose observes, a striking contrast is 
exhibited, even in the specific difference of the prevailing 
alkalies (of the potash containing interspersed Icucites) and 
the almost exclusively natroniferou.^ princijml mass.®^ 

But along with these associations of augite with oligoclase, 
augite with labradorito, and hornblende with oligoclase, which 
are refoiTed to in our classification of the trachytes, and which 
especially characterise them, there exist likewise in each vol- 

whole very uiuiaual in basalt, and yot some of the basaltic summits of 
the Bohemian central monutaina, first described Ijy IIcush, Freiealehcn, 
and myself, contain plenty of it. The unusual isolation of certriin 
zniaeral bodies, and tlie enuses of their legitimate specific association, 
probably depend on many still undiscovered causes of pressure, tempo- ■ 
rature, fluidity, and rapidity in cooling. The specific differences of the 
association are, however, of great imx)ortancc, both in the mixed rooks 
and in the masses of mineral veins; and in geological dc3cri|itiou8, noted 
down in .the open air, in sight of the object described, the observer 
should' be careful not to make any misbvke as to what maybe a prevail- 
iug, or at least a rarely absent member of the association, and what 
may be sparingly or only accidentally combined. The diversity which 
prevails in the elements of a mixture,—for instance, in the trachytes,— 
is repeated, as I have already noticed, in the rocks themselves. In both 
continents there exist large tracts of country in which ttachyte forma- ■ 
tions and basalt formations as it were repel each other, as basalts and’ 
phonolites; and there are other countwes in which trachytes and ^ 
basalts alternate with each other in tolerably close proximity (see'v 
Gustav Jenzsch, Monographie der hbhmischm PhonolithCy 1856, 
1-7). 

See Bischof, ChtmiBclie und physikalischt Geologit^ Bd. ii,' , 
1861, B. 2288, 2297 ; Roth, Mmwgraphie det Vesws^ 1857, 

306. 
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catLO - other easily recognisable, unessential elements of com¬ 
mixture, "whose presence in large quantities or total absence 
in different volcanoes, often situated very near to each other, 
is very striking. Their occurrence) either in frequent abun¬ 
dance, or else at long and separate intervals, depends probably 
in one and the same natural laboratory on various conditions 
of the depth from which the matter originally came, the tem¬ 
perature, the pressure, the fluidity, or the quicker or slower 
process of cooling. The fact of the specifle occurrence or the 
absence of certain ingredients is opposed to certain theories, 
such as the derivation of pumice from glassy felspar or 
from obsidian. These views, which have not been altogether 
lately adopted, but originated as early as the end of the l8th 
century from a comparison of the trachytes of Hungary and 
of Teneriffe, engaged my attention for several years in Mexico 
and the Cordilleras, as my journals will testify. From the 
great advancement Avhich lithology }ias undeniably made in 
modem times, the more imperfect delinitions of the mineral 
species made by me during my journey have, tlirough Gustav 
Kose's careful mineralogical elaboration of my collections, 
been improved and accurately certified. 

Mica. 

Black or dark-green magnesian mica is very abundant in 
the trachytes of the Cotopaxi, at an elevation of 14,470 feot 
between Suniguaicu and Quelendaha., as also in the subter¬ 
ranean pumice-beds of Guapulo and Zumbalica at the foot 
of Cotopaxi,®* but 16 miles distant from the same. The 
trachytes of the volcano of Toluca are likewise rich in mag¬ 
nesian mica, which is wanting in the Chimborazo.®* In the 
Continent of Europe micas have shown themselves in abun¬ 
dance ; at Vesuvius (for example in the emptions of 1821— 
1823, according to Mouticelli and Covelli) ; in the Eifel in 
,the old volcanic Bombs of the Laclier Lake;*® in the basalt 

CosmoHj sec above, p. 343. 

•• It is almost superfluous to mention that the term wanting signiflot 
only that, in the investigation of a not inconsiderable portion of vol¬ 
canoes of large extent, a particular sort of mineral has hitherto been 
vainly sought for. I wish to distinguish between wbat is wanting (not 
being found), being of very rare admixture, and what, though more 
• abundant, is still not normally characteristic. 

*• Carl von Oeynhausen, Erkt der geogn, Karit dtt LacherSees, 1847, 
*. 88 ; 
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of the Meronitz, of the marly Kausawer Mountain and espe¬ 
cially of the Gamayer summit®^ of the central Bohemian 
chain ; more rarely iu tlie phonolite,®^ as well as in the dole- 
rite of the Kaiserstuhl near Freiburg. It is remarkable 
that in the trachytes and lavas of both continents not only 
no white (chiefly bi-axal) potash-mica is observable, but 
that it is entirely dark-coloured (chiefly imi-axal) magnesian- 
mica, and that this exceptional occurrence of the niiignesia- 
mica is extended to many other rocks of eruption and plu- 
tonic rocks, such as basalt, phonolite, syenite, syenitic- 
slate, and even granitite, while the granite proper contains 
at one and the same time, white alkaline-mica and black or 
brown magnesia-mica.®^ 

Glassy Felspar. 

This kind of felspar, which plays so important a part 
in the action of European volcanoes ; in the tracliytes of 
the first and second division (for example, on Ischia, in the 
Phlegroean Fields, or the Siobengebirgo near Bonn), is proba¬ 
bly entirely wanting in the New Continent, in the trachytes 
of active volcanoes. This circumstance is the more striking 
as sanidine (glassy felspar) belongs essentially to the argen¬ 
tiferous, noii-quartzosc Mexican porphyries of Moran, Pa- 
chuca, Villalpando and Acaquisotla, the first of which arc 
connected with the obsidians of JacaL®^ 

See tlie Bergyndnuiaches Jou}'7}al, vou Kohler und Hcfmann, 5ter 
Jahrgang, Ed. i, 1792, b. 244, 251, 265. Easalt rich, in mica, as on 
the Gamayer summit in the Bohemian centre mountains, is a rarity. I 
visited this part of the Bohemian central range in the summer of 1792, 
in company with Carl Freiesleben, afterwards my comparSftn in my 
Swiss tour; who has exercised bo great an influence over my geological 
and mining education. Bisohof doubts all production of mica by the 
igneous method, and considers it a metamorphic product by the moist 
method. See his Lehrhuch dcr cheni. mid idiysUcaL Geologic, Bd. ii,^ 
B. 1426, 1439. 

Jenzsch, Beltrdge zur Kenntnlss dcr PlionoJithe, in der ZeitschHft der 
DeuUchm Geologuchoi Gesellschaft, Bd. viii, 1856, s. 36, 

^ OuHtav Rose, Ueber die zur Granltgri^pe gehbrlgen Gebirgsarteriy 
in^deraelben Zeitschrlft,Bd. i, 1849, s. 359. 

The porphyries of Moran, Real del Monte and Regia (the latter 
celebrated for the rich silver mines of the Veta Biscayna, and 
the vicinity of the obsidians and pearlatones of the Cerro del Jacal 
and the Messerberg, Cerro de las Navajas), like almost all the m,etal- 
liferoua porphyries of America, are quite destitute of quartz (on 
these and other analogous phenomena in Hungary, see Humboldt^ 
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Hornblende and Augite. 

In this account of the characteristics of six different divi¬ 
sions of the trachytes, it has been already observed how the 
same miuerals which occur as essential elements of commix¬ 
ture (for example, hortiblende in the third division, or the 
Toluca rock), appear in other divisions in a separate or spo¬ 
radic condition (as iti the fourth and fifth divisions, in the 
rock of Pichincha and of Etna). I have fotind hornblende, 

Essai geogmstiqiie sur Ic Gisement dcs Roches, j)]). 179 —188 and 
190—193)* Tlitf jjorphyrioa of Acaqiiisotla, however, on the road 
from Acapulco to Cliilpanssingo, as well as those of Villalpando to- 
the Noith of Giianaxuato, ■which are penetrated hy aarifex’ona veins, 
along ■with tlie sanidine contain also grains of brownish quartz. — 
The small iiiclosures of gi'anis of obsidian and glassy feLspai* being 
on the whole rare in the volcanic j'oeks at the Cerro de lag Navajas, 
and in the Valle de Santiago, so rich in basalt and pearl-stone, 
which is traversed in going from Valladolid to the volcano of Jorullo, 
I was the more asloiiishcd at finding at Capula and Pazeuoro, and 
especially near YuTisapinidaro, all the ant-hills filled with beautifully 
shilling grains of obsidian and sanidine. This was in the month of 
September, 1803 {NivcUvmcnt haromefr. p. 327, No. 3G6, and Esmi 
g^oijnost. sicr (c Gisement (f<\s Roches, y>. 35C>). I was amazed that such 
small insects should be able to drag the minerals to such a distance. 
It has given me great pleasure to find that an active investigator, M. 
Jules Marcou, has observed something exactly similar. There exists/'* 
he says, “ on the liigh plateaux of tho Rocky Mountains, and particu¬ 
larly in the neighbourhood of Fort Defiance (to tho west of Mount- 
Taylor), a species of ant which, instead of using fragments of wood 
and vegetable remains for the purpose of building its dwelling, employs- 
only small stones of the size of a grain of maize. Its instinct leads it 
to select the most brilliant fragments of stones, and thus the ant-hill 
is frequently filled with magnificent transparent garnets and very pure 
grains of quartz.” (Jules Marcou, Rht^ne expUcatif d'une Carte gSogn^ 
desEtats-unis, 1855, p. 3.) 

Glassy felspar is very rare in the present lavas of Vesuvius,' but 
this is not the case in the old lavas, for instance in those of the eruption 
of 1631, where it occurs along with crystals of Icucite. Sanidine i» 
algo found in abundance in the Arso lava-stream, from Cremate towards 
Ischia, of the year 1301, without any leucite; but this must not be con¬ 
founded with the older stream, described by Strabo, near Montag- 
fione and Rotaro {Cosmos, see above, pp. 265, 427). Glassy fel¬ 
spar not only rare in the * trachytes of Cotopaxi and other vol- 
canoes of the Cordilleras generally, but is equally so in the subterranean 
pumice-quarries at the foot of the Cotopaxi. What was formerly de¬ 
scribed as sanidine are crystals of oligoclase. 
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though not in large quaniiiiies, in the trachytes of the vol* 
canoes of Cotopaxi, Iliicii-Pichinclia, Tungurahua and Anti- 
sana, along with augite and oligoclasc, but scarcely ever along 
with these two minerals on the slope of tlie Chimborazo up 
to a height of more than 19,000 foot. Among the many speci-. 
mens which T brought from Chimborazo, hornblende is recog¬ 
nized only in two, and oven then in small quantity. In the 
emptions of Vesuvius in the years 1822 and 1850, augite 
■and crystals of hornblende (these nearly 9 Parisian lines in 
length) were conteui))orancously formed by exhalations of 
vapours on fissures.®^ The hornblende of Etna, asSartorius von 
Waltershausen observes, belongs especially to the older lavas. 
That remarkable mineral, so widely diffused in Western Asia 
. and at several points of Europe, which Gustav Rose has de¬ 
nominated Uralite, being allied in structure and crystalline 
form to hornblende and augite,^® I here once more gladly 
point attention to the first occurrence of nralito crystals in 
the liTew Continent;—they wore recognised by Rose in a 
piece of trachyte which I abstracted from the slope of the 
Timgurahua, 3200 feet below the summit. 

Leucite. 

Leucites, which in Europe belong exclusively to Vesuvius, 
the Rocca Monfina, the Albanian Mountains near Home, the 
Kaiserstuhl in the Breisgau, and the Ihfel (in the western 
environs of the Laehar Lake in blockvS, and not in the con¬ 
tiguous rock, as in the Burgbergo near Rioden), have never 
yet been found in volcanic rocks of the New Consent, or 
the Asiatic portion of the old. Leopold von Buch discovered 
them round an augitc-crystal as early as the year 1798, and 
described in an admirable treatise their frequent forma¬ 
tion.*’ The augite-ciystal round which, according to this 
great geologist, the Icucite is formed, is seldom wanting, but 
appears to me to be sometimes rej)laccd by a small grain or 
morsel of ti'acbyte. The uneqTial degrees of fusibility, be¬ 
tween the grain of trachyte and the surrounding mass of 

•* Roth, MonofjfrajjJde des e. 267, 382. 

** See above, note 82; Rose, Jldse nach dem Ural., Cd, ii, a. 869; 
Bischof, Ckem. und PhysiL Geoloyie, Bd. ii, b, 628—671. 

Gilbeit's Annalen der Phyuik., Bd. vi, 1800, a. 63; —Bischof, 
Gcologie, Bd. ii, a. 2205—2303. 
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leucite raise, some chemical difiiculties to the explanation of 
the mode in which the integnmental covering is formed. 
Leucites, partly detached, acc ording to Scacchi, and partly 
mixed with lava, were extremely abundant in the recent, 
eruptions of Vesuvius in 1822, 1828, 1832, 1845 and 1847. 

Olivine. 

Olivine being very abundant in the old lavas of Vesuvius*®' 
(especially in the leucite-ophyrs of the Somma) in the Arso of 
Ischia, in the eruption of 1301, mixed with glassy felspar, 
brown mica, green augite and magnetic iron, in the volcanoes 
of the Eifel which emit lava-streams (for example, in th& 
Mosenberge westward of Manderscheid),*® and in the south¬ 
eastern portion of TcneriflFe in the lava-eruption of Guimar 
in the year 1704, I have also searched for it very diligently, 
but in vain, in the trachytes of the volcanoes of Mexico, 
New Granada and Quito. Our Berlin collections contain 
sixty-eight specimens of trachyte of the four volcanoes, Tun- 
gurahua, Antisana, Chimborazo and Pichincha alouf, 48 of 


Viera and Glas, ia the only one which contains olivine (Dencr, dcs Ilcf 
Canaries, p. 207). The supposition that the eruption of ]70i was th» 
first which had taken place since the conquest of the Canary Islands 
at the end of the 15th Century, has been shown by me in another 

place {Examen Critique de Vllistoire de la Gdograj^hie, t. iii, pp. 143_ 

to be erroneous. Columbus saw the eruption of fire on Teneriffe at 
the time of his first voyage of discovery, on the nights from the 2l8t to 
the 25th August, when he went in search of Doha Beatriz de Bobadilla„ 
on the Gran Canaria. It is thus noticed in the Adinirars journal 
under the Rubric of 'Muoves, 9 de Ago^ito/' which contains notices up 
to the 2d September,—“ Vieron salir gran fuego de la Sierra de la 
Ifila de Tenerife, que es muy alt'a en gran maiiera,”—“ they saw a great 
deal of fire rising with a grand appearance out of the mountain of the 
Island of Teneriffe, which is very high Navarrete, CoL de los Viages 
de los Espanoles, t. i, p. 5. The lady above named must not be 
confounded with Doha Beatriz Heniiquez of Cordova,—the mother of 
his illegitimate son, the learned Don Fernando Colon, the historian of 
his father,—whose pregnancy in the year 1488 so materially contributed 
to detain Columbus in Spain, and to lead to the discovery of the New 
World being made on account of Castille and Leon, and not for Portu¬ 
gal, France, or England (see my Examen Critique, t. iii, pp. 850 

an4 367)- 

Cosmos^ see above, p. 232. 
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•wrliich were contributed by me and 20 by Boussiugault.*®® 
In the basalt formations of the New World, olivine along 
with augite is as abundant as in Europe ; but the black, ba¬ 
saltic trachyte of Yana TJrcu, near Calpi at the foot of the 
Chimborazo,* as well as those enigmatical trachytes called la 
reventazon del volcan de Anzango^ contain no olivine. It was 
only in the gi’eat, brown-black lava-stream, with a crisp, 
sooriaceous surface raised like a cauliflower, whose track 
we followed in order to reach the crater of the volcano of 
Jorullo, that we met witli small grains of olivine imbedded.® 
The prevailing scarcity of olivine in the modern lavas and 
the greater part of the trachytes seems less striking when we 
recollect that, essential as olivine appears to be for basalt in 
general, yet (according to Krug von Nidda and Sartorius 
von Waltershausen) in Iceland and in the German Rhone 
Mountains the basalt destitute of olivine is not distinguish¬ 
able from that which abounds in it. The former it has been 
the custom from the earliest times to call tra^ and waeJee, the 
latter we have in modern times denominated Anemasite.*‘ 
Olivines, which sometimes occur as lai’ge as a man’s head in 
the basalts of Rentifires in the Auvergne, attain also in the 
Tinkler quarries, which were the object of my first youthful 
researches to the size of 6 inches in diameter. The beautiful 
hyperstbene rock of Elfdalen in S-weden, much employed 

fk 

^ A considerable portion of the minerals collected during my -Ame¬ 
rican Expedition, haa been sent to the Spanish Mineral Cabinet, to the 
King of Etruria, to England and to France. J do not refer to the geologi- 
caland botanical collections which my worthy friend andfelloW^labourer 
Bonpland possesses, with the twofold right of self-collection and self- 
discovery. This extensive dispersion of the mateiials, (which, from the 
very exact account given of the places in which they originated, does 
not prevent the maintenance of the groups in their geographical rela¬ 
tions,) has this advantage that it facilitates the moat comprehensive and 
eiact definition of those minerals whose substantial and habitual asso¬ 
ciation characterises the different kinds of rocks. 

^ Humbohlt, KUvaere SchnfUn, Bd. i, s. 139. 

* Ibidj s. 202, and Gosmost see above, p. 232. 

3 Humboldt, KL Schr. vol. i, p. 344. I have also found a great deal 
of olivine in the Tezontle (cellular lava, or basaltic amygdaloid ?—in 
Mexican, tetzontli, i.c., stone-hair, from i^tly stone, and tzontU, hair) 
belonging to the Cerro do Axusco in Mexico. 

< Sartorius von Waltershauaen, Physisch~geogra 2 )Iusche Skizze von 
Uland, 8. 64. 
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for omamental purposes,^ a granulated mixture of liyper- 
sthene and labradorite, which Berzelius has described as sye^ 
nite, likewise contains olivine,® as does also (though more 
rarely) the phonolito of the JPic de Oriou, in the Cantal,® 
While, according to Stromeyer, nickel is a very constant ac¬ 
companiment of olivine, Kumler has on the other hand 
discovered arsenic in it,*^ a metal which has been found in the 
most recent times widely diffused in so many mineral springs, 
and even in sea-water. The occurrence of olivine in meteoric 
stones® and in artificial scorise, as investigated by Sefstrom,* 
I have already mentioned. 

Obsidian. 

As early as in the spring and summer of 1799, while I was 
preparing in Spain for my voyage to the Canary Isles, there 
prevailed generally among the mineralogists in Madrid,— 
Hcrgen, Don Jos6 Clavijo, and others,—the opinion that 
pumice was cntii;e]y derived from obsidian. This opinion 
had been founded on the study of some fine geological 
collections from the Peak of Teneriffc, and a comparison of 
them with the phenomena which Hungary furnishes, although 
the latter wore at that time explained chiefly in accordance 
with the Neptiniiau views of the Freiberg school. Doubts 
of the correctness of this theory of formation, awakened at an 
early period in my mind by my observations in the Canary 
Isles, the Cordilleras of Quito, and in the range of Mexican 
volcanoes,^® impelled me to direct my most earnest attention 

[* It is there cut into vases, sometimes of a considerable size, and 
other ornamental objects. From the high polish it takes, and the 
contrast of its colours, it is one of the paost beautiful stones in 
eristence.—Tr.] 

® Berzelius, /i^evkster Jakreshericht, 1827, p. 392; Gustav Rose, in 
Poggend. Amu vol. xxxiv, 1835, p. 14 (C'osnios, vol. i, p. 4G4). 

*• Jenzscb, Pho'nolithe, 1856, p. 37, and Senft, in his important work, 
Clwifi<'CL^ion dfr Fekartaiy 1857, p. 187. According to Scacchi olivine 
occurs also, along with mica and angite, in the lime-blocks of the 
Sommn. 1 call those remarkable masses erupted hlocks, not lavas, for 
the Somraa appears never to have ejected the latter. 

7 Poggend. Bd. xlix, 1840, h. 591, and Bd. Ixxxiv, s, 302; 

Paubrde in the Annates des MineSy 4me S^rie, t. xix, 1851, p. 669. 

® 6bmo«, vol. i, p. 119, and vol. iv, p. 595. 

® Ibid. vol. i, p. 269, note*^. 

Humboldt, Personal Narativt, vol. i, p, 113 (Bohn's Edition). 
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to two groups of facts j—first, the different nature of the €n~^ 
closures of obsidians and pumice in general, and secondly, 
the frequency of the association or entire separation of them 
in well investigated, active volcanic structures. My journals 
are filled with notices on this subject, and the sj^ecific defi¬ 
nition of the imbedded minerals has been ascertained by the 
most varied and most recent investigations of my ever ready 
and obliging friend, Gustav Rose. 

Both glassy felspar and oligochise occur in obsidian sa 
Well as in pumice, and frequently both of them together. 
As examples may be cited,—the Jiloxican obsidians of the 
Cerro de las Navajas on the eastern slope of the Jacal. 
collected by me,—^those of Chico, with many crystals of 
mica,—those of Ziniapan to the S. S. Vv^. of the capital of 
Mexico, mixed with small distinct crystals of quartz, and the 
pumice of the Rio Mayo (on the mountain-road from Popayan 
to Pasto) as well as those of the extinct volcano of Sorata, 
near Popayan. The subterranean pumice quarries near 
Llactagunga” contain a large quantity of mica, oligoclase, 
and (which is veiy rare in pumice and obsidian), hornblende 
also j the latter, however, is also found in the pumice of the, 
volcano of Arequipa. Common felspar (orthoclase) never 
occurs in pumice along with sanidine, nor is augite ever 
pi’esent. The Somma, not the cone of Vesuvius itself, con- 
tainir pumice, enclosing earthy masses of carbonate of lime. 
It is by this remarkable variety of a calcareous pumice that 
Pompeii was overwhelmed.^* Obsidians are rare in genuine 
lava-like streams ; they belong almost solely to thg^Peak of 
Teheriffe, Lipari, and Volcano. 

Passing now to the association of obsidian and pumice in 
one and the same volcano, the following facts appear. 
Pichinclia possesses large pumice-fields and no obsidian. 
Chimborazo, like Etna, whoso trachytes, however, have a 

See above, p. 342. 

Scacebi, Oaservazioni criiiche sullanmiieraeomefusepellitaVantieca 
Pompei, ]843, p. 10, in opposition to the theory proposed by Carmine 
Lippi, and afterwards shared by Tondi, Tenore, Pilla, and Dufrdnoy, 
that Ponij)eii and Herculaneum were not overwhelmed by rapifii 
and ashes direct from the Somma, but that they were conveyed 
there by water. Roth, Monogr, dea Vesuva, 18o7, a. 458, see 
above, p. 429. 
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totally different composition (containing labradorite instead 
of oligoclase), shows neither obsidian nor pumice ; this same 
deficiency I observed on my ascent of the Tungurahua. The 
volcano Purace, near Popayan, has a great deal of obsidian 
mixed in its trachytes, but has never yielded any pumice. 
The immense plains out of which rise the Ilinissa, Carguai- 
razo, and Altar are covered with pumice. The subterranean 
pumice-quarrie.s near LTactacunga, as well ,as those of 
Huichapa south-east of Queretaro; and the accumulations 
of pumice at the Kio Mayo,’’ those near Tschegem in the 
Caucasus,“ and near Tollo” in Chili, at a distance from active 
volcanic structures, ajjpear to me to belong to the phenomena 
of eruption from tlio numerou.s fissures in the level surface (of 
the earth. Another Chilian volcano, that of Antuco,’® ot 
which Poppig has given a description a.? scientifically impor¬ 
tant as it is agi’eeably written) produces, like Vesuvius, 
ashes, triturated rapilli (sand), but gives out no pumice, 
no vitrified or obsidian-like mineral. Without the presence 
•of either obssidian or glassy felspar, wo sometimes meet with 
pumice in trachytes of very dissimilar composition, although 
in many cases it is not present. Pumice, as Charles Darwin 
observes, is entirely wanting in those of the Archipelago of 
the Calapagos. We have already remarked in another place 
that cones of cindens are wantiiig in the mighty volcano of 
Mauna Loa in the Sandwich Islands, as well as in the vol¬ 
canoes of the Eifel ” which once emitted lava-streams. 
Though the island of Java contains a series of more than 
forty volcanoes, of which as many as twenty-three arc still 
active, yet Junghuhn was only able to discover two points 
in the volcano of Gunung Guntur, near Bandong and the 
grealf Tengger Mountains,’* in Avhich masses of obsidian have 
been formed. These do not appear to have given occasion 

” Nivellement Baromatrique, in Humboldt, Ohaervat. Aatron., vol. i, 
p. 306, No. 149. 

** See above, p. 345. 

For an account of the pumice-hill of Tollo, at a distance of two 
days’ journey from the active volcano of Maypu, which has itself never 
ejected a fragment of such pumice, see Meyen, Bcise vm die Erde, 
Th. i, s. 338 and 358. 

Poppig, Jieiae in Chile und Petit, Bd.*i, s. 426. 

:>T See above, p. 392, and notes, pp. 320—3. 

Frane Junghuhn, Java, £d. ii, s. 388, 592. 
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to the formation of pumice. The sand-lakes of Dasar, 
which lie about 6828 feet above the mean level of the sea, 
are not covered with pumice, but with a layer of rapilli, 
described as being obsidian-like, semi-vitrified fragments of 
basalt. The cone of Vesuvius, which never emits pumice, 
gave out from the 24th to the 28th October, 1822, a layer 
18 inches thick of sand-like ashes, consisting of pulverised 
trachytic-rapilli, which has never been mistaken for pumice- 

The cavities and air-holes of obsidian in which crystals of 
olivine, probably precipitated from vapours, have formed, as, 
for example, in the Mexican Cerro del Jacal, are sometimes 
found in both hemispheres to contain another kind of en¬ 
closures, which seem to indicate the manner of their origin 
and formation. In the wider portions of these long-extended, 
and for the most part very regularly parallel cavities, frag¬ 
ments of half-decomposed earthy tiuchyte are found embedded 
Beyond these the cavity runs on in the form of a tail, as if a 
. gas-like clastic fluid had been developed by volcanic heat 
in the still soft mass. This phenomenon particularly attrac¬ 
ted the attention of Leopold von Buch when he visited the 
Thomson collection of minerals at Naples in company with 
Gay-Lussac and myself in the year 1805.’® The inflation of 
obsidian by the operation of fire, which did not escape atten¬ 
tion in the early period of Grecian antiquityis certainly 
caused by some such development of gas. According to* 
Abich, obsidians pass the more easily into cellular (not 
parallel-porous) pumice, the poorer they are in silicic acid 
and the richer they are in alkalies. It remains, however, vety 
\mcertain, according to Bammelsherg’s researches,whether 
the tumefaction is to be ascribed to the volatilisation, of 
potash, or hydrochloric acid. It is probable that shnilar 
phenomena of inflation in trachytes rich in obsidian and* 
sanidine, in porous basalts and amygdaloids in pitch-stone,, 
tourmaline, and that dark-brown flint which loses its colour, 
may have very diflerent causes in the diflerent materials* 

Leopold von Buch, in the AbhandL der Ahadertiie dcr 
Berlin, for the years 1812—1813 (Berlin, 1816), s. 128. 

20 Theophrastua dc lapidihus, s. 14 and 15 {Opera ed. Schneider^ t. i, 

1818, p. 689, t. ii, p. 426, ai^d t. iv, p. 661), B^ys this of the lipariali 
stone” (Xt7r«pa7oc}- , ‘ 

21 Ranimelsberg, in Poggmd. Annal.^ Bd. Ixxx, 1850, s. 464,.and 
fourth supplement to his Chtniucke Handworta'buch, s. 169; compare 
also Bischof, GeoLy Bd. ii, s. 2224, 2232, 2280. 
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themselves. An investigation which has now been long 
looked for in vain, founded on accurate experiments, ex- 
chisively directed to these escaping gaseous fluids, would 
lead to an invaluable extension of our knowledge of the 
geology of volcanoes, if at the same time attention were paid 
to the operation of the sea-water in subterranean formations, 
and to the great quantity of carburetted hydrogen belonging 
to the commingled organic substances. 

The facts which I have brouglit together at the end of this 
section, the enumeration of those volcanoes which produce 
pumice without obsidian, and those which yield a great deal 
of obsidian and no pumice,—the remarkable, not constant, 
but very diversified association of obsidian and pumice with 
certain other minerals, early led me, during my residence in 
the Cordilleras of Quito, to the conclusion that the formation 
of pumice is the result of a chemical pz'ocess, which may be 
verified in trachytes of very heterogeneous composition, 
without the necessity of a previous intervention of obsidian 
(that is to say, without its pre-existenco in large masses). 
The conditions under which such a process is performed On a 
large scale, are perhaps founded (I would hero repeat) less on 
the diversity of the material than on the gradation of heat, 
the pressure determined by the depth, the fluidity, and the 
length of time occupied in solidification The striking, though 
rare, phenomena presented by the isolation of immense subr 
terraneous pumicc-quai^ries, far from any volcanic structures 
(conical and bell-shaped mountains), lead me at the same time 
to conjecture’^® tliat a not inconsiderable—perhaps even, in 
regard to volume—the greater, number of the volcanic rocks 
have been erupted, not from upraised volcanic structures, 
but from a net-work of fissures on the surface of the earth 
frequently covering over in the form of strata a space of many 
square miles. . To these probably belong those masses of 
trap of the lower silurian formation of the south-west of 
England, by the chronometric determination of which my 
worthy friend, Sir Roderic Murchison, has so greatly in- 
creased and brightened our acquaintance with the geological 
construction of the globe. 

® See above, pp. 308, 330 332—386, 344—346, 364. For particulars 
reSpectiug the geographical distribution of pumice aud obsidian in 
the tropical zone of the New Continent, see Humboldt, E&mi GSq^os- 
tiqtiesur le ffisemeni des EocJiei, die*, 1823, pp, 340—342, and 344—347. 
« 2 I 2 
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Adich on volcanic phenomena in 
Ghilan, 175; his views on the 
Caucasian mountain ayatem, 209, 
360 ; analysis of the Chimborazo 
rock, 462, 

Aconcagua, volcano of, measure¬ 
ment of, 288, 

Acosta on the volcancitos of Tur- 
baco, 214. 

Adams, Mount, a volcano, 417. 

.^naria, the island of Apes, 265. 

ABolus, residence of, ou Strongyle, 
257. 

Africa, determination of the mag¬ 
netic equator in, by Sabine, ] 03; 
its translation, 106; snowy 
mountains in, 354; volcanoes 
in, 354; their small number, 
355. 

African magnetic node, its varying 
, position, 103. 

Agaschagokh, island of, 371. 

Agreeable odour diffused from 

^ certain volcanoes, 229. 

Agua, Volcan de, described, 276. 

Airy, density of the earth deter* 

, mined by, vii; on terrestrial 
magnetism, 79. 

Alaid, great eruptions of the vol¬ 
cano on the isle of, 372. 

Albite, 469. 

Aleutian islands, numerous volca¬ 
noes in, 370. 

Alps, temperature of springs in 
the, 192. 

America. See Central America, 
Chili, Mexico, North west Arne- 
rica, Peru and Bolivia, Rocky 
Mountains, So%ith Sea, 

Ampere ou the cause of earth¬ 
quakes, 1,63. 

Ampolletas, 56. 

Amsterdam, volcanic island of 

385. 


Anahuac, series of volcanoes of, 
280. 

Anaxagoras, maxim of, verified, 7, 

Andaman isles, volcanic pheno¬ 
mena in the, 383. 

Andes, large spaces iu the chain 
of, destitute of volcanoes, 282; 
groups and distances, 283 ; spe¬ 
cial direction of the thi'ee Cor-, 
dillcras, 292. 

Andesite, 468, 471. 

Andrea Bianco, his early charts, 
exhibit tho magnetic variation, 
54. 

Anemasite, 478. 

Annular valleys, 231. 

Ansango, lake of, 3. 

Ansogorri, Father Joaquin, his do- 
acription of tho rise of the vol¬ 
cano Jorullo, 310. 

Ant-hills, in the Rocky Mountains, 
their Vemarkablc construction. 
475. 

Antilles, Little, volcanoes of the, 
described, 421, 

Antisaua, the colossal mountain, 
described, 331, its dykes, 331; 
lakes, 332. 

Antuco, volcano'ftf, 289. 

Aphron, tho northern pole of the 
magnetic needle, 63. 

Apparatus employed by Humboldt 
for his 453 determinations of 
height in the New World, 459. 

Arabia, lava eruptions in, 357. 

Arago on magnetio inclination, 
107 ; liis series of magnetic < ob¬ 
servations, vii. , , 

Ararat, as a volcano, 361, 

Arare, crater of, 303. 

Arequipa, volcano of, 286. vr 

ArgEcus, the volcano, 249' ' 

Arimer, country of the, 266. 

Aristotle ou the fundamental 
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principles of nature, 5; volcanic 
phenomenon upon Hiera de¬ 
scribed by, 229. 

Arran, volcanic phenomena in, 
360. 

Artesian wells, Walferdin’a obser¬ 
vations on, 35. 

Ascension, volcanic phenomena of 
the island of, 352. 

Asia, situation of the principal 
volcanoes in, 297; volcanoes of 
the wc-steru and central parts, 
356; of Kamtschatka, 362; of 
the islands of Eastern Asia, 367; 
of the islands of Southern Asia, 
377; of the Indian Ocean, 382. 

Atlantic Ocean, volcanoes of the 
islands of the, 351; presumed 
submarine volcano, 353. 

Atlantis of Solon, 179. 

Atolls, or lagoon reefs, 388. 

Attraction of the magnet known 
to the Greeks and Komaus, 60, 

Augite, 475. 

Aurora borealis, 152; observa¬ 
tions of the black segment, 152; 
colours observed in high lati¬ 
tudes, 154 ; accompanying flee¬ 
cy clouds, 155; influence on 
terrestrial magnetism, 157; ob¬ 
servations at Berlin aud at Edin¬ 
burgh, 158. 

Auvergne, extinct volcanoes of, 
238, 278. 

Azores, craters of elevation in the, 

, 227; the volcano Pico, 247. 

Azufral do Quindiu, Humboldt's 
visit to the, 221; change of tem¬ 
perature observed by Boussin- 
gault, 221. 

Baily on the density of the earth, 
31,32. 

Baker, Mount, a volcano, 418. 

Banda, a volcanic island, 381. 

Barba, the volcano, ' desciibcd, 

" 273. 

Bal'ilo, earthquake at, 173. 

Barraucos on the slopes of vol¬ 
canoes, 304. 

' »' 


Barren Island, one of the Anda¬ 
mans, appearance of, as de¬ 
scribed by Horsburgh, 383, 

Basalt-like columns of Piaoje, 456. 

Beaufort, Admiral, the Chimaera 
described by, 257- 

Beauvais, Vincent of, on the mag* 
notic needle, 53. 

Belcher, Sir E., magnetic observa¬ 
tions by, 113. 

Bell-shaped volcanic mountains, 
228. 

Berg, Albert, hia description of 
the burning spring, Chimsera, 
257. 

Berlin, aurora observed at, by 
Humboldt, 158. 

Bessel, determination of the size 
and figure of the earth, 14, 27. 

Biot, pendulum measurements by, 
23. 

Bolivia. See Peru, 

Borda, his services in equipping 
the expedition of La Perouse, 
61. 

Borneo, the Giava Maggiore of 

* Marco Polo, 379 ; doubtful 
whether volcanoes exist there 
379; great number of volcanoes 
in its vicinity, 379. 

Bo-shan, eruption of the volcano, 
437. 

Bouguer’s experiments on the de¬ 
viation of the plummet, 30; on 
the i^iimice-quarries of Lactu- 
cunga, 342. 

Bourbon, volcanoes of the isle of, 
383. 

BouBsingault’s method of deter¬ 
mining tlio mean temperature, 
40; on the cause of earthquakes, 
170; on the matters ejected from 
volcanoes, 335 ; on gases, 442. 

Bove, Val del, on Etna, 225, 241. - 

Bramidos de Guanaxuato, 178. 

Bravais on Artesian wells, 37; on 
the black segment of the Au¬ 
rora, 153, 

Bi'iabane, Sir Thomas, his obaerva-' 
tory at Makeretoun, 123,124. 
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British isles^ yolcauic phenomena 
in the, 350, 483. 

Bromo, a volcano in Java, its 
crater lake, 302. 

Brooke, Kajah, on the volcanic 
appearances in Borneo, 380. 

Brooks of cold water said to be 
converted into thermal springs, 
314. 

Brown, Mount, a volcano, 418. 

Buch, Leopold von, his work on 
basaltic islands and craters of 
elevation, 220 ; on the erupted 
matters of Vesuvius, 235; on 
the trachytes of Etna, 469, 

Buddhist fancy as to the cause of 
earthquakes, 177. 

Bunsen on fumaroles, 424. 

Burkart, his visit to Jorullo, 318. 

Calabria, earthquake in, in 1783, 
172. 

OalamaiicOy d, an ancient name for 
the magnetic pole, 56. 

Galbuco, Volcan de, 290, 

Califomia, list of the volcanoes of, 
417. 

Callaqui, volcano of, 290. 

Canary Islands, eruptions in the, 
,477. 

Capac- Urcu.an extinct volcano^ 282. 

Cape of Good Hope, magnetic 
observations at, 113. 

Carbonic acid gas, considerations 
on, 442. 

Carbonic acid gas, jets of, 201. 

Cascade Mountain range, in Cali - 
fomia, 416, 

Castillo, Fray Bias del, explores 
the ctatdr of Masaya, 260. 

Catklans, advanced state of navi¬ 
gation among the, 53, 54. 

Caucasus, volcanic phenomena of 
the, 208 ; a continuation of 
the Thian-schau, 360; its ex¬ 
tinct volcanoes, 360. 

Cauldron-like depressions of volca¬ 
noes, 231. 

Cavanilles, his account of the 
eatthquake of Riobamba, 173. 


Celebes, volcanoes of, 381. 

Central America, linear volcanoes 
of, 268, 272; number of volca¬ 
noes in, 273; recommended for 
further examination, 278. ' 

Chacani or Charcani, volcano of, 
286. 

Chahorra, the crater of, on the 
Peak of Tenerilfe, 262. 

Chatham Island, its position, 401. 

Chili, group of volcanoes in, 288; 
their greatest elevation, where 
attained, 290. 

Chilian, Volcan de, 2S9. 

Chiloe, submarine volcano near, 
288. 

Chimborazo, majestic dome, form 
of, 2; ascent of, 464 ; conside¬ 
rations on the height of the 
mountain, 464, 

Chimborazo rock, Rammelsberg’s 
analysis of, 461; Abich’s, 462; 
remarks on the differences be¬ 
tween them, 463. 

Chimacra, in Lycia, not a volcano, 
but a perpetual burning spring, 
212,257; analogous phenomenon 
in the Kuen-lun, 438. 

Chihal, volcano of, 290. 

Chinese, early acquainted with 
the polarity of the magnet, 50; 
rope-boring, 219; early maps 
of the, 434. 

Chuapri, volcano of, 288. 

^Cinders, cones of, looting in seve¬ 
ral volcanoes which once emit¬ 
ted lava-streams, 481; thickness 
of the layers of, on Rangay, 266. 

Circumvallations, volcanic, 230; 
that of Oisans, in France, its 
great extent, 231 ; of Mont 
Blanc, 231. 

Coal .strata, 443. 

Coan, the missionary, on the basin 
of Kilaue*!,, 393, 

Coast Range mountains, in Cali¬ 
fornia, old volcanic rocks of the^ 
416. 

Cofre de Perote, Humboldt's 
ascent of, 326. 
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Columbus determines astronomi¬ 
cally a line of no variation/ 54; 
notice of an eruption on Tene- 
riffe, by, 477. 

.Comangillas, Aguas de, a hot 
spring, 197. 

Commotion, waves of, in earth¬ 
quakes, 171; theory of, 172; 
attempt to explain the rotatory 
shocks experienced in Calabria, 
172. 

Commotions of the earth in earth¬ 
quakes often confined within 
narrow limits, 182. 

Comoro islands, burnihg volcano 
in the, 384. 

Compass, Hoe Mariner^s Comj'xzsm. 

Compression, polar, 29, 

Couchagua, a volcano, 275. 

Conical volcanic mountains, 239. 

Coneeguina, eruption of, 274. 

Copiapo, destruction of the town 
of, 288. 

Coquimbo, volcano of, 288. 

Coral islands, number of, in the 
Pacific, according to Dana, 390. 

Corcovado, Volcan dc, 290, 

Cordilleras. See Andes, 

Corea, volcanoes of, 37t>. 

Cosima, small elevation of the 
volcano of, 245, 

Costa, Col, A., his experiments on 
mean annual temperature, 41. 

Cotopaxi, miueralogical composi¬ 
tion of, 343. 

Craters of elevation, 22G; distin¬ 
guished from true volcanoes, 
227. See also Volcanoes. 

CrozePs group, traces of former 
volcanic action in, 387. 

Crust of the earth, considerations 
on its varying thickness, 439. 

Crystallized minerals of the Maars, 

, 234; greater number found on 

* Vesuvius, 235. 

Cueva de Autisana, 332. 

Cyclades, volcanic phenomena in 
^ . the, 267. 

t 

-» / 

Dana, James, his valuable re¬ 


searches in the Pacific, 388; 
his grouping of the basaltic and 
coral islands, 390 ; on the vol¬ 
canoes of the Sandwich Islands, 
392. 

Darwin, Charles, his enlarged 
views on earthquakes and erup¬ 
tions of volcanoes, 288 ; general 
acknowledgment of obligations 
of science to, 389. 

Dasar, sand-lakes of, 482 

Dcchen, H. von, on volcanic phe¬ 
nomena in the Eifel, 236 

Decimation. See Magnetis^ni. 

Degree, table of the increase in 
length of the, from the equator 
to the pole, 17. 

Demavend, volcano of, 356, 357 ; 
question of its altitude, 356. 

Density of the earth, experiments 

to determine, 30; Airy's results, 

• • 
vn. 

Detritus dykes, 331. 

Deville, on . the structure and 
colour of the miisB in certain 
volcanoes, 463. 

Devonian slate, 231. 

Diablo, Monte del, in California, 
416. 

Diamagnetism, its discovery by 
Faraday, 49, 78. 

Dio Cassius on the eruptions of 
Vesuvius, 427. 

Diodorus Siculus on the Phlegrsoan 
fields, 428. 

Disturbances, magnetic, table of, 
134. 

Djobel ol Tir, a volcano, 356. 

Dome-sha])ed and bell-shaped 
mountains peculiar jispect given , 
by, to the landscape, 229. 

Domite, origin of the term, 450. 

Dry fog of the summer of 1783, 
421. 

Diiperrey, his observations on the 
magnetic equator, 104. 

Earth, its size, configuration and 
density, vii, 9; interior heat, 
34, 246; magnetic activitjTi 49; 
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magnetic storms, 141; polar 
' light, 151 ; reaction of the 
interior on the surface, 162 
(see also Earthquahet, Volcaiioes); 
thickness of the crust of, pro¬ 
bably very unequal, 169, 

Earthquakes, variety of views as 
to their cause, 167; the impulse, 
167; translatory movements, 
173; subterranean noises, 178; 
velocity of propagation, 179 ; 
distinguished, but improperly, 
as Plutonic and Volcanic, 180; 
three groups of phenomena 
which indicate the existence of 
one general cause, 183; list of 
memorable examples of these 
phenomena, 183, 

Earth-waves in volcanic phe¬ 
nomena, 171. 

Easteni Asia, volcanoes of the 
islands of, 367, 

Edgecombe, Mount, a volcano, 
269, 418; another in New 
Zealand, 397. 

Edinburgh, beautiful aurora ob¬ 
served at, 158, 

•Edrisi on the land of Gog and 
Magog, 359, 

Eifel, extinct volcanoes of the, 
231 ; two kinds of volcauic 
activity distinguishable, 232; 
Mitscherlich on the minerals, 
235; Ehrenberg on the infusoria, 
237. 

Elbyruz, as an extinct volcano, 362, 

Elevation, question of the in¬ 
fluence of, on magnetic dip and 
intensity, 114; craters of, dis¬ 
tinguished from true volcanoes, 
227. 

Elias, Mount, a volcano, 252, 419, 

Elliot, Capt., on the magnetic 
equator, 105, 

Ellipticity of the earth, specula¬ 
tions of the aiicients on the, 26; 
BesseVs determination, 27. 

El Nuevo, a volcano, 274, 

El Viejo, a volcano, measurements 
of, 274. 


El Volcanclto, now a mountain of 
ashes, 321. 

Emanations from fumaroles, their 
nature, 424. 

Enceladus. See Typhon, 

England, volcanic phenomena in, 
350, 483. 

Equator, magnetic. See Magnetic 
equator. 

Erebus, Mount, the volcano, 103, 
249. 

Erman on the magnetic equator, 
105 ; hia researcbcb on the vol¬ 
canoes of Kamtschatka, 363. 

Erupted blocks, 479. 

Eruption, masses of, considera¬ 
tions on, 225; craters of, 226. 

Eruptions of volcanoes, considera¬ 
tions on the general laws of, 
255; varying heights to which 
matters are cast, 264. 

Etna, eruptions of, usually occur 
within a space of six years, 255; 
periods of its greatest activity, 
257 ; height to which ejected 
matters attain, 265; its tra¬ 
chytes, 465. 

Enbcea, Strabo’s description of an 
earthquake in, 225. 

Europe, active volcanoes of, 349; 
extinct volcanoes and volcanic 
phenomena, 231, 238, 350, 483. 

Faraday’s discovery of the para¬ 
magnetic force GVt oxygen, 78; 
important results expected from 
it, 82, 99; on diamagnetism^ 
49, 78. 

Fairweather, Mount, a volcano, 418. 

Felspar, variety of minerals com: 
prised under the denominatiou 
of, 457, 474. 

Fordinaudea, the volcanic island, 
349. 

Figure of tlie earth, attempts to 
solve the problem, 13 ; deter¬ 
minations of Bessel, 14; earlier 
observations, 16. 

Fissures caused by earthquakes, 
173; volcanic, 226, 228; voL- 
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canoes npbeaved on fissures, 
2fi5, See Volcanoes, 

Fitzroy’s magnetic observations, 
71. 

Floods in rivers, prognostication 
^ of, 187. 

Forbes, on the conductive power 
of different rocks, 38. 

Fogo, volcano of the Illia do, 
262. 

Formosa, the turning-point of the 
lines of volcanic elevation in 
the islands of Eastern Asia, 369 ; 
its volcanoes, 377. 

Foucault’s apparatus for demons¬ 
trating the rotation of the 
earth, 25. 

Prance, extinct volcanoes of, 238, 
, 278. ^ 

Franklin on frozen earth in the 
north-west of America, 48 ; his 
Arctic voyages, 65 ; search for 
him, 65. 

Franklin’s Bay, volcano of, 
more properly a Raise, 419. 

Fredonia, near Lake Erie, springs 
of inflammable gas at, 213. 

Fr6mout’sliyp3oinetricalinvestiga- 
tiona in North-West Amenca, 
410 . 

FrdmonFs Peak, 415. 

French Alps, highest summit of 
the, 230. 

Frozen earth, its geographical ex¬ 
tension, 46. 

Fic-na», a Chinese magnetic appa¬ 
ratus, 50. 

Fuego,Volcan de, described. 276. 

Fumaroles, various classes of, 424; 
Bunsen on their products, 424. 

Fummarole of the Tuscan Ma- 
remma, 2rt. 

Fused interior of the earth, 246. 

Galapagos, the, countless cones 

' and extinct craters, 400 ; pumico 
not found there, 401. 

Galera Zamba, terrible eruptions 
of flames and terrestrfal changes 

at, 213. 


Gandavo, Fray Juan de, explore* 
the crater of Masaya, 260. 

Gas, volcanic exhalations of, in¬ 
quiry. into, 441. See also 
Springs, 

Gauss, his theory of terrestrial 
magnetism, 62. 

Gay Lussac on the chemical causes 
of volcanic phenomena, 169; 
on waves of commotion and 
oscillation, 171. 

Oemellaro, his estimate of the 
height to which erupted bodies 
ascend from Etna, 265. 

Geographical distribution of vol¬ 
canoes, 421; an abnormal phe¬ 
nomenon in, noticed, 433, 

Geological terms, origin of some, 
450. 

Geysirs, the, of Iceland described, 
199. 


Gilbert, William, lays down com*- 
prehensive views on the mag¬ 
netic force of the earth, 57. 

Glassy felspar. See Felspar, 

Godivel, Lac de la, an extinct 
volcano, 238, 

Gog and Magog, oriental myth of, 
359. 


Gold, believed to be found in 
volcanoes, 261 ; descent into 
Masaya in search of it, 261. 

Graham, his observation of the 
hourly variations of the nlag- 
nctic force, 60. 

G rahani Island, temporary for¬ 
mation of, 349. , ^ 

Grand Ocean, a term for the basin 


of the South Sea, objected to, 
404 . 


Granite,Mitscherlich’a experiments 
on the melting point of^ 246. 
Greece, has frequently suffered 
from earthquakes, 177; great 
number of thermal springs, 177. 
Crenelle, the Artesian well of, 36. 
Ground temperature, observationa 
on, 190. See also Frozen earthy 
Guadeloupe, the Soufriere of, de¬ 
scribed, 423. 
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Ouagua-Pichinclia; its meaning, 
242. 

Gualatieri, volcano of, 287. 

Guanacaure, a volcano, 274. 

Guanahuca (Guanegue ?) volcano 
of, 290. 

Guettard's observations on extinct 
volcanoes, 330. 

Gunung, the Javanese term for 
mountain, 299. 

Gunung Tengger, a volcano in 
Java, vast size of its crater, 301. 

Guyot of Provins, his mention of 
the magnetic needle, 53, 

Hair-glass, a volcanic product, 
392. 

Hall, Capt. Basil, experiments to 
determine the mean tempera¬ 
ture of places within the tropics, 
40; measurement of the vol¬ 
canoes of Old Guatemala, 277 ; 
his admirable description of 
Sulphur Island, 377. 

Hallej^s theory of four magnetic 
poles, 58. 

Hallmaun, his classihcatiou of 
springs, 205. 

Hansteen on tho magnetism of 
the earth, 66. 

Hatton, pendulum experiments 
at, relative to the density of the 
earth, vii. 

Hawaii, the volcanoes of, de¬ 
scribed, 395. 

Hea^ distribution of, in the in¬ 
terior of our globe, 34 ; hypo¬ 
thesis of the depth of the fused 
iiilerior of the earth below the 
present sea level, 246. 

Hccla, the volcano, its aspect, 
243; infrequency of its erup¬ 
tions, 255; how classified by 
Waltershausen, 351. 

Helena, St., volcanic phenomena 
of, 352. 

Helen’s, St,, Mount, a volcano, 

Hell, the cold, of the Buddhists 
196. 


HephseatoB, Volcano, the holy isle 
of, 257. 

Herefordshire, sedimentary rocks 
of, 231. 

Hesse, on the volcanoes of Central 
I America, 272. 

Iliera, volcanic phenomena upon, 
described by Aristotle, 229. 

Himalayan chain, four highest 
mountains of the, 287; known 
to the Greeks as the elongated 
Taurus, 434. 

Hobarton, magnetic observations 
at, TOO. 

Ho-cheu, a volcano, also called 
Turfan, .356. 

Hood, Mount, an extinct volcano, 
417. 

Hooker, Joseph, on the hot springs 
of Momay, 197. 

Hopkins on earthquakes, 168, l7l, 
174. 

Horary variation of the declina¬ 
tion not ascribable to the beat 
of the sun, 82; maxima and 
minima, at various magnetic 
stations, 109. 

Hornblende and augite, 475. 

Homos or Hornitos. Homitos, 

Hornitos, low volcanic cones, 183; 
fuither notices of them, 316, 
322. 

Horsburgh, description of Barren 
Island by, 383. 

Ho-8chan and of Eastern * 

Asia, 219, 

Humboldt, Alexander von, ob¬ 
servations of temperature in 
Mexico and Peru, 41^ mag¬ 
netic observations by, 96; his 
determination of ^he magnetic 
equator, 104; observations of 
polar bands, 155 ; visit; to the 
scene of the earthquake of 
Kiobamba, 173; observations of 
the phenomena of an eruption 
of Vesuvius, 181 ; barometrical 
measurements of the same 
mountain, 247; his definition 
of the term “volcano,” 287; 
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his visit to Joniilo, 313, 319; 
the name Jura limestone intro¬ 
duced by, 468; apparatus em¬ 
ployed by, in the New World, 
459; his mineralogical collec¬ 
tions, 477 ; on the formation of 
pumice, 483. 

Humboldt, Alexander von, worts 
by, cited in the text or notes:— 

Asie Centrale, 51, 101, IIG, 

148, 149, 176, 208, 210, 

219, 220, 250, 295, 336, 

356, 358, 360, 361, 372, 

376, 438. 

I Atlas Qdographique et Phy¬ 
sique do la Nouvelle Es- 
pagne, 239, 247, 263, 309, 
432. 

Essai Geognostique sur le 
Gisement des Roches, 221, 
320,444, 454, 468, 475, 483. 

Essai sur la G6ographie des 
Plan tea,• 252, 458. 

Essai Politujue sur la Nou¬ 
velle Eapagne, 42, 197, 279, 
280, 293, 310, 312, 326, 
406, 418, 458. 

Examen Critique de THis- 
toiro do la Gdogi’aphie, 51, 
119, 126, 180, 244, 260, 

Fragmens de Gdologle et de 
Climatologie Asiatique, 
g7«) 377 

Kleiuere Schriften, 171, 214, 
239, 291, 332, 336, 34l, 
451, 478. 

Reoueil d'Observations As- 
tronomiques, 41, 104, 143, 
222, 251, 279, 315, 326, 

. 444, 459,464, 481, 

Relation Hiatoriquodu Voyage 
aux Regions dquinoxiales 
(Personal Narrative, Bohn’s 
edit., 18.52-3), 97, 112,115, 
117, 173, 175, 187, 249, 
250, 303, 422, 423, 479. 

Views of Nature, 261, 365, 
408, 427. 

Vues des Cordillferea, 217, 
289, 242, 247. 


Hyporsthene rock, its omployment 
for ornamental purposes, 478. 

Hypsometry of volcanoes, first 
group, 246 ; second group, 247; 
third group, 2,48; fourth group, 
250 ; fifth group, 251, 

Iceland, the Qeysirs of, 198 ; mud 
springs, 212; volcanoes, 351. 

Ilha do Fogo, one of the Cape 
Verd Islands, so called, 262. 

Impulse in volcanic phenomena, 
summary of views on, 167. 

Inarima, 266. 

Inclination, magnetic, 102; max¬ 
ima and iniiiima, 109; Secular 
variation. 111. 

Indian Ocean, volcanoes of the 
382. 387. 

Infusoria, universal diffusion of 
the 237- 

lutcnsity of the magnetic ter- 
restiial force, 57, 61, 87. 

Interior of the earth, its reaction 
on the surface, 162. See also 
£artkquaTce9y Volcanoes. 

Invariable temperature, stratum 
of, 39. 

Ischia, 265. 

Island of Desolation. See Ker- 
gndm's Island, 

Islands, temporary, onumeratod, 
349. 

Islands and the shores of conti¬ 
nents, great number of vol¬ 
canoes found on, 431. 

Islands of the Pacific, Ilhna’a 
classification of, 390, ' 

Isluga, volcano of, 287. 

Izalco, volcano of, described, 261; 
its eruptions. 276, 

Iztaccihuatl, a volcano, meaning 
of the name, 239. 

Jacob, valley of, on Ararat, 241. 

Jakutsk, mean annual tempera¬ 
ture of, 45; extreme variations, 
45. 

Jan Mayen, volcanoes of tho island 
of, 351. 
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Japan, notice of the volcanoes of, 
communicated by Sielbold, 373. 

Jaques de Vitry, his mention of 
the magnetic needle, 53. 

Java, large number of volcanoes 
in, 297; their comparatively 
low elevation, 299; direction of 
the principal axis, 301; vast 
craters of some, 301; ribbed 
formation, 303; lava streams, 
305; salses of, and mofette 
grottoes, described by Jung- 
huhn, 220; tertiary formations, 
298. 

Javanese names of mountains ex¬ 
plained, 307. 

Jefferson, Mount, 417. 

Jesso, island of, 372; its nume¬ 
rous volcanoes, 373. 

Jorullo, rise of the volcano, 280, 
309; description of, by eyc-wit- 
nessea, 310; visit of Humboldt 

. to, 313, 319; visit of Buckart, 
and changes noticed by him, 
318. 

Juan Jayme, his Kcientifie voyage, 
55. 

Julia the volcanic island, 349. 

Julius, the proconsul, 196. 

Jumnotri, hot wfell of, 198. 

Junfghuhn, his researches in Java, 
220, 298. 

J\ira limestone, name introduced 
by Humboldt, 468. 

Kaimenes, upheaval of the three, 
349. 

Kamtschatka, the loftiest volcano 
of Asia found in, 300; de¬ 
scribed, 362. 

Keivuelen’s Island, extinct craters 

^ o^ 387. 

Kilauoa, the great crater of, not a 

j Bolfatara, 392. 

Kina Bailu, a lofty mountain of 
Borneo, 379. 

Kirgiah )Steppe, former water¬ 
courses of the, 437. 

ICljutschewsk. the highest Asiatic 
volcano, 300. 


Korai. See Cotta, 

Kotzebue on the volcanic island, 
of Dmnack, 230. 

Krapf, discovery of a volcano in 
Eastern Africa by, 354. 

Krafto. See Saghalin, 

Kraanajazarki, polar bauds ob¬ 
served by Humboldt at, 155. 

Kreil on the magnetism of the 
moon, 85. 

Kruaenstern on a y)re8umed sub¬ 
marine volcano, 353. 

Kuen-lun, fire-springs of the, 
438 ; the chain visited by the 
brothers Schlaglntweit, 438. 

Kuopho on the magnetic needle, 
51. 

Kupffer on the frozen soil of 
Northern Asia, 48. 

Kurile islea, active volcanoes of 
the, 372. 

La Berarde, remarfeble position 
of the village of, 231. 

Tjactacunga, repe.ated destruction 
of the town of, 342; subter¬ 
ranean pumice quarries of, 342, 
480, 

Ladrone islands, volcanoes of, 395. 

Lagoni of the Tuscan Maremma, 

211 . 

Lament deduces the law of the 
period of alterations of decli¬ 
nation, 84. 

Lancerote, destructjpn of the 
island of, 228. 

Lava, recent, often perfectly simi¬ 
lar to the oldest formations of 
eruptive rock, 226; important 
conclusion drawn therefrom, 
226. 

Lava fields, various names for, 324. 

Lava streams rare in the volcanoes- 
of the Cordilleras of Quito, 277; 
discovered in the eastern chain 
of the Andes, 295; also in Java, 
306; their essential character, 
306 ; of Anverge, 330; of Etna, 
466; of Hecla, 243; of Ter- 
natc, 381. 
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Lazarus, St. Mount, volcano, 2C9. 

Lelautui:?, in Eubcua, eruption at, 
226. 

Lemnos, destruction of the moim 
tain Mosychloa in, 349. 

Letronne on earthquakea inEgypti 
177, 

Loucite, 4(56, 476. 

Liman, volcano of, 288. 

liinachoteu, notices the volcanoes 
of Japan, 375. 

Lipara, the volcano, (lueation of 
it.s identity, 256. 

Lipari, the ancient Meligunia, 256; 
lava stream found in, 341. 

Llandeilo strata, volcanic frag¬ 
ments found in the, 350. 

Llanquihue, volcano of, 290. 

Log, ship’s, introduction of the, 
an important era in navigation, 
56. 

Lombok, volcano on the isle of, 
381. 

Lucia, St., the volcano of, 422. 

Lunar-diurnal magnetic variation, 

• • • 
vm. 

Liitke, Admiral, on the volcanoes 
of Kamtschatka, 363. 

Luzon, active vtdeano in, 243, 

Maars, in Germany, 231; in Au¬ 
vergne, 238. 

Macaa. See i^angay, 

McLaughlin, Mount, its height, 

417. * 

Madagascar, volcanic indications 
in, 384. 

Madeira, volcanic phenomena of, 
352. 

Magnet, attraction, but not pola¬ 
rity of the, known to the Greeks 
and Romans, 50; variations of 
the, early known to the Chinese, 
62; variation charts, 54; horary 
periodical alterations, 60. 

Magnetic disturbances, table of, 
134. 

M!ametic eqi^or, its position and 
imange or form, 103; Hum¬ 
boldt's ^ determinations, 104; 


Duperrey’s observations, 104; 
Elliot’s, 105. 

Magnetic intensity, 61; the know¬ 
ledge of, due to Borda, 61 ; in- 
claiation chart, 61, 

Magnetic needle, early known to 
the Chinese, 50; its introduction 
to Europe, 52; declination, 54. 

Magnetic observatories, 62. 

Magnetic storms, 134. 

Magnetic waggon, the, of the 
Chinese, 51. 

Magnetism, early researches in, 
65, 57; increased activity of 
observation in the 19th century, 
62; table of magnetic investi¬ 
gations, 63; influence of the 
moon, viii. 

Magnetism of mountain masses, 
159. 

Makerstoun, Sir Thomas Bris¬ 
bane's observatory at, 123, 124. 

Malpais, a term applied to lava 
fields, 307. 

Maiideira, the volcano, 273. 

Mantachurei, extinct volcano in, 
437. 

Marco Polo, date of his travels, 53; 
the mariner’s compass known in 
Europe before his time, 53, 

Marcou, on the anthills in the 
Rocky Mountains, 475. 

Mariner’s compass known in Eu¬ 
rope in the 12th century, 53; 
English ships guided by it, in 
1345, 56. 

Marion's Island, traces of former 
volcanic action on, 387. 

Martinique, recent volcanic action 
in the island of, 423. 

Maribios, los, a line of six vol¬ 
canoes, 274. 

Masaya, volcano of, described, 
258; descent into the crater of, 
260. 

Mauua-Roa, a volcano of the Sand^*, 
wich Islands, 250; its height 
greatly exaggerated, 250; mean¬ 
ing of the name, 245; described, 
391; the largest volcano of the 
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South Seas, 591; called also 
Mouna Loa, 391; its lava-lake 
of Kilauea, 393. 

Maypu, volcano of, 289. 

Medina, volcano of, 350. 

Meligunis. See Lipari. 

Methone, volcanic i^henoinena of 
the peninsula of, 229. 

Mexico, list of elevations of the 
table land of, 408 ; volcano of, 
402 ; considerations on the 
mountain chains, 405. See also 
New Mexico, 

Mica, 473. 

Micuipampa, mean annual tempe¬ 
rature of, 41, 42. 

Middendorf's two Siberian expe¬ 
ditions, 43; on the frozen soil 
of Northern Asia, 47. | 

Minchininadoni, volcano of, 290' 
Mines, observations .in, on mag¬ 
netic dip and intensity, 116. 
Mitscherlich on the minerals of the 
Eifel, 235; on the melting point 
of granite, 246. 

Mofette-grottoes of Java, described 
by Junghuhn, 220. 

Momay, hot springs of, 197. 
Momobacho, the volcano, 273, 
Momotombo, the volcano, 274, 
Monkweai mouth, the coal mine at, 

37. 

Mont Blanc, the Grand Plateau 
of, 231. 

Mont Pelvoux, the highest summit 
of the French Alps, 230. 

Monte del Diablo, in California, 
. .416. 

Moon, extent of our acqxiaintance 
' with the surface of the, 448; 
-volcanoes and parasitic craters, 
449; magnetism of the Kreil 
on the, 85; investigation of 

the subject by General Sabine, 

•« • 

Vlll. 

Mormons, Great Salt Lake of the, 
410. 

Mortero, Cerro del, 321. 
Mosenberg, the, an extinct vol- 
. cano, 232, 238. 


Mosychlos, the mountain, dnitruc- 
tion of, 349. 

Mouna Loa. See Mauna 72oa. 

Mountain masses, magnetism of, 
169. 

Mountain peaks, comp.arison of, 
with the bulging of the earth’s 
surface, 28. 

Mouaart (corruption of Muztag), 
equivalent to Sierra Nevada, 
434. 

Moya cones of Pclileo, 172, 216, 

Mud-springrt of Iceland, 212. 

Mud-volcanoes, 217, 379. 

Murchison, Sir 11., on eruptive 
trap masses, 350, 483. 

Muriatic acid fumarolcs, 424. 

Mutis, apparatus of, 459, 

Naphtha springs, 207. 

Negropont. See Euhtm, 

Neptune, connexion of, with earth¬ 
quakes, 179. 

New Britaui, volcanoes of, 396. 

New Caledonia, volcanic action 
absent from, 398. 

New Guinea, volcanoes of, 396. 

New Mexico, barometric Icvollinga 
in, 407; list of heights, 408. 

New Zealand, geology of, 396; 
volcanoes, 397. 

Niphon, recorded volcanic erup¬ 
tions in, 374. 

Nodes, magnetic, their changes of 
position, 103, lOO?' 

Noises from volcanoes, differencea 
observed in, 263; extraordinary 
distances at which heard, 264.! 

Norman, Robei-t, determines the 
inclination of the magnetic 
needle in London, 57. 

North-west America, volcanoes of,. 
403 ; hypsometry of, 408. 

No variation (magnetic), point® 
and lines of, 54, 58, 

Obsidian, 479; its cavities and 
airholes, 482. 

Oeriifa, in Icelandj‘''fearful erup¬ 
tions of, 351. 
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Oeynltauaeu, temperature of the 
. salt spring at, 36, 

Oisans, natural amphitlieatre of, 

’ its vast extent, 231. 

Oligoclase, 471, 

Olot, extinct volcanoes of, 433. 
Olympus, Mount, in America, 
418. 

Omato, Volcan de, 28G. ^ 

Oinetepec, au active volcano, 273. 
Orinoco, liigh temperature of its 
waters at certain seasons, 186. 
Orizaba, a volcano, measurement 
of the peak of, 251lava field 
of, 324. 

Oron, fresh-water lake of, seals 
found in the, 437. 

Orosi, the volcano, 273. 

Orthoclase, 480. 

Osomo, volcano of, 290. 

Overweg’s researches on volcanic 
phenomena in Africa, 355. 

Ovid, volcanic phenomena clearly 
described by, 229. 

Owhyhee. See Ilaicaii. 

Pacaya, eruptions of, 276. 

P*acifio Ocean, the term ‘‘Grand 
Ocean,” improperly applied to 
the, 404; comparatively small 
number of active volcanoes, 
388 , grouping of its islands by 
Dana, 390. See also t^outh 
Pacific Ocean, South Sea, 
Ponguipulli, Volcan de, 290, 
Papagayos, remarkable storms so 
called, 271. 

Paramos, their elevation and vege¬ 
tation, 294. 

Paramagnetiam exhibited by oxy¬ 
gen gas, 49 ; importance of the 
discovery, 78, 82, 99. 

Parasitic craters of the Moon, 
449. 

Parinacota, volcano of, 287. 
Passuchoa, the extinct volcano of, 
337. 

Patricius, the^ij'hop, his theory of 
central h^^l96. 

^Paul, St., beanie island of, 384. 


Pole’s hair, volcanic glass so called, 
392. 

Pelileo, eruption of the Maya of, 
172,216. 

Pendulum, vibrations of the, ap¬ 
plied to determine the figure of 
the earth, 19; Sabine’s expedi¬ 
tion, 22; other observers, 23 ; 
the form of the earth not ex¬ 
actly determinable by such 
means, 25; Airy’s experiments 
at Hai-ton, vii. 

Pentland, his discovery of lava- 
streams in the eastern chain of 
the Andes, 295. 

Perlite, 344. 

Pei-tusa, hot springs of, 196. 

Peril and Bolivia, series of volca- 
^noes of, 292. 

3han, volcano of, 356, 434, . 

1 oteroa, volcano of, 289. 

Peterman’s notices from Overweg, 
of vulcanic phenomena in Africa,- 
356. 

Phaselig, flame of the ChimEera, 
near, 212. 

Philippines, volcanoes of the, 243. 

Phlegrxan fields, ancient descrip¬ 
tions of the, 428. 

Pic de Nethou, the highest sum¬ 
mit of the Pyrenees, 230. 

Pic of Timor, formerly an over- 
active volcano, 382. 

Pichincha, remarkable form of, 
211; ascent of, by Humboldt, 
242 ; visited by Wisse, 242; its 
height, 260. 

Pichu-Pichu, Volcan de, 286. 

Pico, the volcano, 247; erup^ona 
of other volcanoes in the Azores 
apparently dependant on, 361. 

Piedmont, trembling of the earth 
in, 183. 

Pilla, on the leucite-cryatals of 
Rocca Monfina, 466. 

Fisoje, basalt-like columns of, 
456. 

Pithecusse, Bbkli on the, 266, 

Pitt, Mount, in Anferica, 417. 

Plato, on the Pyriphlegethon, 36, 



496 


INDEX, 




268 ; on the magnetic chain of 
rings, 50. 

Polar light. Sec Aurora, 

Polarity, the force of, unknown to 
the Greeks and Eomaiia, 50. 

Poles, magnetic, traditions regard¬ 
ing, 55 ; Halley's variation 
chart, 59. 

Polybius, his knowledge of Stron-|>| 
gyle, 257. 

Polynesia and similar divisional 
terms, objected to, 389. 

Pomarape, volcano of, 287. ^ 

Popocatepetl, a volcano, " 

^ • i i .1 on ‘'©rm 

meaning of the name, 2 ^^^ 4 . -- 
terminations of the * ^ of, 

-n j * eanoes ^ 

Porphyries of Arr i o. 

Porphyry of the a do Dome, 
ics peculiar cn. acter, 450. 

Portobcllo, hot springs of, 193. 

Pozzuoli, eruption from the solfa- 
tara of, 423. 

Procida or Procliyta, 265. 

Proclus on earthquakes, 179. 

Puhi Batu, lava-streams of, 332. 

Pumex Pompeiauus, 430. 

Pumice not found at Jorullo, 319; 
abundant in Lipari, 340; the 
pumice quarries of Lactacuiiga, 

- 342; of Cotopaxi, 343 ; isolated 

eruptions of, 344 ; found in 
Madagascar, 334; and in the 
island of Amsterdam, 387; Hum¬ 
boldt’s view of its formation, 
483. 

Pumice eruption of the Eifel, 236, 

Punhamuidda, volcano of, 290. 

Pusambio, the river, acidified by 
sulphur, 202 . 

Pyrenees, highest summits of the, 
230, 231. 

Pyriphlegethon, Plato's geoguoatic 
myth, 35, 268. 


Quelpaert’s island, a volcano, 376. 
Quesaltenango, Volcande, 277. 
Quetelet on daily variations of 
temperature, 88, 

Quiudiu. See Azufral de Quinditi^ 


Quito, observations on the older 
rocks of the volcanic elevated 
plains of, 444. 

Quito and Now Granada, the 
group of volcanoes of, 281. 

I 

Rains, regions of .summer, autumn, 
and winter, 188. 

Rainier (or Regnier) Mount, an 
active volcano, 418. 

Raking of xuoiintaiu chains ex¬ 
plained, 294. 

Rdintnelsberg’s analysis of the 
Chimborazo rock, 461. 

Ranco, volcano of, 290, 

Rapilli, 234. 

Raton Mountains, extinct volca¬ 
noes of the, 413. 

Regnior, Mount, an active volcano, 
418. 

Rehrne, the Artesian well at, 36. 

Reich’s experiments to doterDiine 
the density of the earth, 31; the 
subject more lately investigated 
by Airy, vii. 

Results of observations in the tel¬ 
luric portion of the j)hysical 
dcHcriptiou of the universe, 8 . 

Rovillagigedo, volcanic islands of, 
281. 

Ribbed formation of the volcanoes 
of the island of Java, 303 ; ana¬ 
logous phenomena of the mantle 
of the Somma of Vesuvius, 
305. 

Richer, observations on the pen¬ 
dulum, by, 19, 

Rigaud, Professor, on the propor¬ 
tion of water and terra firma, 
388. 

Rindjana, a volcano, its height, 
381. 

Riobamba, terrible earthquake at, 
167, 172, 173. 

Rio Vinagre, described, 202. 

Rock-debris, 331. 

Rocky Mountains, the chain de¬ 
scribed, 411; '-races of ancient 
volcanic action,"^^14 ; parallel 
coast range i, still volcanic, 415. 
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B^nquido and hramidOy distin- 
giiifihed, 263. 

Rope-boring of the Chinese, 219. 

Rose, Gustav, his clasaification of 

• volcanic rooks, 449, 4.53. 

Robs, Sir James Clark, his Ant¬ 
arctic voyage, 75, 145. 

Ross, John, his 1‘olar voyages, 65. 

liuou-Pichincha, its meaning, 242. 

Ruido, elgrant 172. 

Sabine, Major-General, his pendu¬ 
lum expedition, 22; ou the 
horary and annual variations, 
82; on the influence of the 
moon on terreetiiai magnetisin, 
viu. 

Sacramento Butt, an extinct 
crater,. 416. 

Saghalin, called Krafto by the 
Japanese, 367. 

Bahama, Volcan de, 286. 

Salses and naphtha springs, 207. 

Salt Lake, Great, of the Mormons, 
410. 

San Bruno, rotatory motion of the 
obelisks before the monastery 
of, in Calabria, 172, 

. Sau Clemente, volcano of, 290. 

Sandwich Islands, a volcanic ar¬ 
chipelago, 391 ; the volcanoes, 
245; height of some greatly 
exaggerated, 250. 

Sangai or Sangay, the volcano, 
251; its position, 251 ; the most 
active of tho South American 
volcanoes, 262; its eruptions 
observed by Wisae, 182. 

Sanidine, 475. 

-San Miguel Bosotlan, a volcano, 
276, 

San Pedro de Atacama, Volcan de, 
287, 

San Salvador, a volcano, eruptions 
of, 276, 

Santa Cruz, volcano of 395. 

San Vicente, a volcano, eruptions 
of, 275. ■ 

Santorin, volcanic eruption of, 
229. . 

^ vql. 


Saragyn, ho*t springs of, 346. 

Sawelieff on magnetic inclination 
113. 

Schagdagh, tho perpetual fires of 
the, 210. 

Schergin’s shaft, at Jakutsk, 43. 

Scbiwelutsch, a volcano, its pecu¬ 
liar form, 248 

Schlagintwoits, the brothers, ob¬ 
servations un springs, 191; tra 
verse the Kuen-liin, 439. 

Schrenk, on the frozen soil in the 
country of the Sainojedos, 46. 

Sea, distance of volcanic activity 

' from the, stateuicuts of, exa* 
* ^’^’wued, 432 ; volcanic eruption 
ved in the, 377 , 

Seah®Y^^^^'d in the Caspian Sea, 
anu*' Baikal, 437; also 

in tho^®’^® ^ froah-water lake 
of Oron, 43 i. 

Secular variatif of the magnetic 
inclination. 111. 

Semi-volcanoes, 424. 

Senarmont, his preparation of 
artificial minerals, 204, 

Seneca on volcanoes, 226. 

Seaaya, volcano of, 395. 

Shasty mountains, basaltic lavas 
foxmd in the, 416. 

Siebengebirge, trachyte of the, 
237; geological topography, 454. 

Siebold on the volcanoes of Japan, 
373. 

Sierra Madre, erroneous notions 
regarding th<r, 405, 410 ; east 
and west chains, 410. 

Silla Veluda, volcano of, 289. 

Silurian and Lower Silurian for¬ 
mations, eruptive trap masses 
of the, 350, 483. 

Silver in sea-water, its presence 
how manifested, 440. 

Sitka or Baranow, 43, 269. 

Smyth, Capt., on the Columbretes, 
350 ; determination of the 
height of Etna, 249. 

Society Islands, the geology of, 
recommended for investigation, 
399. 

2 K 
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Soconiisco, the great volcano of, 
277. 

Soffioni, the, of Tuscany, 211 . 

Soil, frozen, in Northern Asia, 42; 
its geographical extension, 47. 

Solfatara, the term inapplicable 
to the crater of Kilauea, 392. 

Solo islands, character of the, 378. 

Solomon’s islands. See Semrga, 

Soufrifere de la Guadeloupe, the, 
described, 423. 

South Pacific Ocean, great num¬ 
ber of volcanoes of the, 431. 

South Sea, volcanoes of the, 38S ; 
its islands incorrectly descri^ l 
as scattered, 389 ; the \ j. I 
“ Grand Ocean” objec'^ o^o, 

Southern Asia, vojr , 5 . of the 
islands of, 377. ^y cl^ 

Spain, extinct volcnnoes of, 
433. 

Spartacus and his gladiators, their 
encampment on Vesuvius, 427. 

Special results of observation in 
the domain of telluric pheno¬ 
mena, I. 

Springs, rise of temperature in, 
during earth([uakes, 175; diffi¬ 
culty of classifying into hot and 
cold, 185; method proposed, 
185; considerations on tempe¬ 
rature, 187; heights at which 
they are found, 190; boiling 
springs rare, 197; the Geysirs 
and Strokkr, l5h ; gases, 01; 
■ Hallmann’s classification, 205; 
vapour and gas springs, salses, 
207. 

Stokes, on the density of the 
earth, viL 

Stone streams distinguished from 
lava streams, 306. 

Stmbo, on the figure of the earth, 
27; on lava, 226; on a double 
mode of production of islands, 
265. 

‘ Strokkr, the, of Iceland, described, 
199. 

Stromboli, description of, 256; 


periods of its greatest .activity 
257. 

Strongyle, described by Polybius, 
257. 

Strzolecki, Count, on the basin of * 
Kilauea, 393. 

Styx, the waters of, 203; visits to 
their source, 203, 

Submarine volcano,'presumed, in 
the Atlantic Ocean, 353; one 
observed in the Pacific near 
Chiloe, 288. 

Subterranean noises, 178 ; at¬ 
tempts to determine the rate of 
their transmission, 179. 

Sidphur Island, described by Cap¬ 
tain Basil Hall, 377. 

Sulphuretted hydrogen, question 
as to its existence in certain 
fumaroles, 425. 

Sumatra, the Giava Minore of 
Marco Polo, 379. ' 

Sumhava, violent eruption of the 
volcano of, 381. 

Sun, magnetism of the, 85. 

Sunda islands, volcanoes of the,' 
380. 381. 

Swalahos, Mount, an extinct vol¬ 
cano, 417. 

• 

Taal, active volcano of, its sin¬ 
gular position. 243; small ele¬ 
vation, 244. 

Table-land of South America, of 
Mexico, and Thibet, 406; list 
of elevations, 40K 

Tacora, Volcan de, 286. 

Tafua, the peak of, 398. 

Tahiti, the geology of, recom¬ 
mended for investigation, 399, 

Tajamulco, the volcano of, 277. 

Taman, mud volcanoes of the pen¬ 
insula of, 217, 

Taranaki, a volcano in New Zea¬ 
land, 397. 

Taurus, elongated, the Thian-shan, 
including the Himalayas, known 
as the, to the Greeks, 434, 

Tazenat, Gou^^e de, an extinct 
volcano, 238. ■*4 ^ 
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Telica, YoltnpA de, described, 274. 

Tell^c M^^nenolnena, special re- 
of observation in tlie do- 
m'cdn of, 1. 

T<^^J»oro, a volcano, its valent 

'‘Truption, in 1816, 381. 

Temperature, invariable, stratum 
of, 39; mean annual, how de¬ 
termined in the tropic'i, 40; 
observations of, in Mexico and 
Peru, by Humboldt, 41; frozen 
soil in Northern Asia, 42; 
Schagin’s shaft, 43. See Interior 
of the Earth, 

Temperature, rise of, in springs, 
during earthqitakes, 175. 

Teneriffe, the felspar of the tra¬ 
chytes of, 457; notice of an erup¬ 
tions on, by Columbus, 477. 

Ternate, Auolent eruptions and 
lava streams in, 381. 

Tertiaiy form-diona in Java, 298, 

Thermal springs, their connexion 
with earthijuakes, 177. 

Thian &chun, the volcanic moun¬ 
tain chain of, 358; peculiarity 
of the position of the volcano, 
433; the chain known to the 
Greeks .is the elongated Taurus, 
434. 


Thibet, hot springs of, 197; gey- 
air, 199, 

Tierra del Fuego, volcanoes of, 
296. 

Timor, Pic of, formerly an ever- 
active volcano, .382. 

Tollo, the pumice hill of, 481. 

Tonga Islands, active volcanoes of 
the, 394. 

Toronto, magnetic observations 
at, 100. 

Trachyte, origin of the word, 450; 
freciuontly iised hi too confined 
a sense, 452; f irther remax'ks, 
468. 

Tractufl chalyboeliticos, what, 69. 

Translatory movements in earth¬ 
quakes, 173. 

Tra^iJ?^se3 of, Sir R. Murchison 
^ on, 3^, 483. , ^ 


Trass, formation, 236, 

Tnneheras, hot springs of, 197* 
Tristan da Cunha, a voloanie 
island, 353. • 

Tshashtl mountains, basaltic lavas 
of the, 416. 

Tucapel, volcano of, 289. 
Tupungato, measurement of the 
peak of, 289. 

Turbaco, the Volcancitos of, 213. 
Tuscan Maremma, volcanic pheno¬ 
mena of the, 211. 

T^yphon, fable of, 266. 


Uisanack, volcanic island of, 230. 
Unnlavquen, volcano of, 290. 
Und^r currents of cold water in 
th^ tropics, 194, 

United States' scientific expedi* 
* tions, benefits to natural history 
from 404. 

UvDlas orlUvinas, Volcan de, 286. 


Val del Bove. on Etna, remakable 
inference regarding, 225. 

Valleys of elevation, what, 201. 

Vancouver*# Mount, 417. 

Vapour andf^gas springs, 222. 

Variation chtirts, their early date, 
54. 

Vegetation, lii^it of. in Northern 
Asia, 43. ^ 

Vesuvius, phenomena of an erup¬ 
tion of, as o^bserved by Hum¬ 
boldt, 181; barometrical mea¬ 
surements by^the same, 247; 
lengthened seriep of eruptions 
of, 426; descrilSed by Strabo, 
426; by Dio CasWius, 427; by 
Diodorus Siculu^, 428; by 
Vitruvius, 428 ; dijflerenoe of 
constitution of the oW and the 
recent lavas, 477; encajnipment 
of Spartacus and his gjadiators 
on, 427. / 

Vesuvius, valley furrows on the 
mantle of the Somma] of* 395. 

Vidua, Count Carlo, Viis melan¬ 
choly death, 381. J 

Vilcanoto, peak of, 2^- 







